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Startech Semiconductor was founded in 1990, with the charter to design, manufacture and market high performance data 
communication peripheral products in both the commercial and industrial semiconductor markets. Since then, Startech 
continues to follow that charter and enjoys a rapid growth. 
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r DESCRIPTION 
, 


The ST49C001 
is a mask programmable 
monolithic 
analog 
CMOS 
device, 
designed 
to replace 
existing 
high frequency 
crystal/oscillator 
with single 
low fre- 
quency 
crystal. 
The ST49C001 
provides 
high speed 
and low jitter 
clock output. 


ST49C001 
is 
designed 
for 
Magneto-Optical 
Disk 
Drive 
(MODO) 
appplication. 


vcc 
1 
., 
8 
CLOCK2 
u..u 
OE" 
2 
8 
7 
CLOCK1 


XTAL1 
3 
~ 
6 
BCLK 


XTAL2 
4 
<Il 
5 
GND 


I FEATURES 


i· 


• Can replace 
expensive 
high frequency 
oscillator. 
• Programmable 
analog 
phase locked 
loop 
• On board loop filter 
• Low power single 
3-5V 1.2~ CMOS 
technology 
• 8 pin SOIC 
package. 


• Crystal 
oscillator 
circuit 
on board 


VCC 
1 
., 
8 
CLOCK2 
Q. 


OE" 
2 
u 
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CLOCK1 
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r ORDERING 
INFORMATION 


j. 
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.. 
- 
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Package 
SOIC 


Operating 
temperature 
00 
C to 
+700 
C 


ST49C001 


ST49C001 


Symbol 
Pin 
Signal Type 
Pin Description 


VCC 
1 
I 
Analog supply voltage. Single +3/+5 
volts. 


OE* 
2* 
I 
Output Enable (Active low). CLOCK1 and BCLK outputs are 
disabled and forced to low state when this pin is low. 
CLOCK2 output pin is active when CLOCK1 and BCLK 
outputs are disabled. 


XTAL1 
3 
I 
Crystal or External Clock input. A crystal can be connected 
to this pin and XTAL2 pin to generate internal phase locked 
loop reference clock. For external 16.9344 MHz clock. 
XTAL2 is left open or used as buffered clock output. 


XTAL2 
4 
0 
Crystal output. 


GND 
5 
0 
Digital ground. 


BCLK 
6 
0 
Buffered reference clock output. 


CLOCK1 
7 
0 
Preprogrammed 50 MHz clock output. 


CLOCK2 
8 
0 
Preprogrammed 30 MHz clock output. 


EXTERNAL CLOCK CONNECTION 
To minimize the noise pickup. it is recommended 
to connect 0.047~F capacitor to XTAL1. and keep 
the lead length of the capacitor to XTAL1 to a 
minimum to reduce noise susceptibility. 


CLOCK1 = (Reference clock) X 2A/B X 11M 
CLOCK2 = (Reference clock) X 2A/B X 1/N 


A=5. 6. 7 
128 
B=5. 6. 7 
128 
M=1.2 
6 
N=1. 2 
6 
FREQUENCY SELECT CALCULATION 
The ST49C001 contains an analog phase locked loop 
circuit with digital closed loop dividers and 
a final 
outputdividerto achieve the desired dividing ratios for 
the clock output. 
The accuracy of the frequencies produced by the 
ST49C001 depends on the input frequency and di- 
vider ratios. The formula for calculating the exact 
output frequency is as follows: 


Ref. 
Output 
Frequency 
Frequencies 


16.934 MHz 
49.143 MHz 
29.486 MHz 


ST49C001 


Supply 
range 
Voltage 
at any pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


7 Volts 
GND-0.3 
V 
to 
VCC+0.3 
V 
O· C to 
+70· 
C 
_40· C to +150· 
C 
500 mW 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


5.0 Volts 
operation 


V'L 
Input low level 
0.8 
V 


V'H 
Input high level 
2.0 
V 


VOL 
Output 
low level 
0.4 
V 
IOL= 8.0 mA 
VOH 
Output 
high level 
2.4 
V 
IOH= 8.0 mA 


I'L 
Input low current 
-100 
J.1A 
Pin 2 only 


I'H 
Input high current 
1 
J.1A 
VIN=VcC 
Pin 2 


lee 
Operating 
current 
20 
30 
mA 
No load. 
CLOCK=50MHz 


3.0 Volts 
operation 


V'L 
Input low level 
0.6 
V 
V,H 
Input high level 
2.0 
V 


VOL 
Output 
low level 
0.4 
V 
IOL= 2.0 mA 
VOH 
Output 
high level 
2.4 
V 
IOH= 2.0 mA 


I'L 
Input low current 
-100 
J.1A 
Pin 2 only 


I'H 
Input high current 
1 
J.1A 
VIN=VcC 
Pin 2 
Ice 
Operating 
current 
15 
20 
mA 
No load. 
CLOCK=50MHz 


R'N 
Input pull-up 
resistance 
45 
55 
70 
kn 


ST49C001 


Symbol 


,,: 


paramet~r>i 
: '/:"" 
Limits 
Units 
.< 
Coitditiofls 
~' 
~:i 
, 
,,"" 
",,:,Min 
Ty!> 
""Max 


T, 
CLOCK 
rise time 
1 
1.5 
ns 
Load=50n 
O.4V - 
2.4V 
T2 
CLOCK 
fall time 
1 
1.5 
ns 
Load=50n 
2.4V - 


O.4V 
T4.5 
Duty cycle 
45 
48/52 
55 
% 
@ 1.4 Volts 
T3 
Jitter, 
absolute 
±175 
±300 
ps 


T3 
Jitter, 
one sigma 
0.5 
1 
% 
T 
Input frequency 
12 
16.9 
20 
MHz 
T6 
CLOCK 
frequency 
change 
0.008 
% 
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SOIC Package 


ClK 
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20 
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2 
19 
DClK 


EXClK 
3 
18 
DCLKE 
0 
A1 
4 
N 
N.C. 
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() 
AD 
5 
-.t 
AGND 
lS 
lEN* 
6 
() 
AVec 
(J) 
A2 
7 
~ 
14 
MClKE 
en 
A3 
8 
13 
N.C. 


MAD 
9 
12 
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DGND 
1D 
11 
MA1 


r GENERAL 
DESCRIPTION 
, 
. 


The ST49C064 is a monolithic analog CMOS device 
designed to generate dual frequency outputs from 
fifteen possible combinations for video Dot clock 
frequencies and eight memory clock frequencies for 
high 
performance 
video 
display 
systems. 
The 
ST49C064 is a mask option programmable device to 
provide different output frequencies for custom appli- 
cations. It is designed with 1.2~ process to achieve 
130 MHz speed for high end frequencies. 
The ST49C064 is designed to replace existing video 
clocks generated from individual oscillators, to reduce 
board space and number of oscillators. 
To provide 
high speed and lowjitter clock, The ST49C064 utilizes 
high speed analog CMOS phase locked loop using 
14.318 MHz system clock as reference clock (refer- 
ence clock can be changed to generate optional 
frequencies from standard programmed device). 
The ST49C064 can provide optional clock frequen- 
cies, utilizing single layer metal mask option. 
The 
programmed clock outputs are selectable via 
four 
address lines and address latch enable pin for video 
Dot clock selection 
and three address lines for 
memory clock selection. 


PLCC 
Package 
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=F=E=A=T=U=R=E=S=================n 
Can replace multiple oscillators/crystals 
Pin -to-pin compatible to ICS90C64 
Programmable analog phase locked loop 
High speed (up to 130 MHz output) 
Low power single 5V CMOS technology 
20 pin dip / SOIC / PLCC packages 
Compatible with Western Digital Imaging Video 
Graphics Array clock requirements. 


r ORDERING 
INFORMATION 


i 


Part number 
Package 
Operating temperature 
ST49C064CP20-xx 
Plastic-DIP 
o· C to +70· C 
ST49C064CF20-xx 
SOIC 
O· C to +70· C 
ST49C064CJ20-xx 
PLCC 
o· C to +70· C 


1··.········1·.··..·..····•·..··.·····.··· 


ST49C064 


VOLTAGE 


CONTROLED 
OSCILLATOR 


VOLTAGE 


CONTROLED 
OSCILLATOR 


__ 
O_U_T_P..,U,..T_M_UX 
__ 
•••~ 
MCLK 


ST49C064 


Symbol 
<i 
Pin>· 
SignarType 
i< 
Pin Description 


, 


ClK 
1 
I 
External 14.318 MHz system reference clock input. 


MA2 
2* 
I 
Memory clock Frequency select address 3. 


EXClK 
3* 
I 
External clock input. For additional clock frequency. 


A1 
4* 
I 
Dot clock Frequency select address 2. 


AO 
5* 
I 
Dot clock Frequency select address 1. 


lEN* 
6* 
I 
Address latch enable input (active low). To latch selected 
programmed clock output. 


A2 
7* 
I 
Dot clock Frequency select address 3. 


A3 
8* 
I 
Dot clock Frequency select address 4. 


MAO 
9* 
I 
Memory clock Frequency select address 1. 


DGND 
10 
0 
Digital ground. 


MA1 
11* 
I 
Memory clock Frequency select address 2. 


MClK 
12 
0 
Programmed memory clock output frequency. 


N.C. 
13 
No connect. 


MClKE 
14* 
I 
MClK output enable. 


AVCC 
15 
I 
Analog supply voltage. Single +5 volts. 


AGND 
16 
0 
Analog ground. 


N.C. 
17 
No connect. 


DClKE 
18* 
I 
DClK output enable. 


DCLK 
19 
0 
Programmed video clock output frequency. 


DVCC 
20 
I 
Digital supply voltage. Single +5 volts. 


ST49C064 


The ST49C064 is programmed to generate 15 differ- 
ent video clock frequencies using the AO-A3 inputs 
and 8 different memory frequencies using MO-M2 
inputs. The address lines A2-A3 can be connected to 
video controller like Western Digital Imaging VGA 
controllers. Address lines AOand A1 are latched with 
lEN* pin which is generated from video controllers to 
select proper Dot clock output. All inputs to the 
ST49C064 contain internal pull-up resistors including 
ClK and EXClK inputs. 


The EXClK is additional input that may be internally 
connected to the DClK output. The additional input is 
useful for supporting modes that require frequencies 
not provided by the ST49C064. 


The ST49C064 contains an analog phase locked loop 
circuit with 
a digital closed loop divider and a final 
series divider to achieve desired dividing ratios for 
clock output. 
The accuracy of the frequencies produced by the 
ST49C064 depends on the input frequency and final 
output frequency. The formula for calculating the 
exact output frequency is as follows: 


DClK = (Reference clock) X (AlB.C) 
MClK = (Reference clock) X (AlB.C) 


where 
A=1,2,3, 
127, 
B=1,2,3, 
127, and 
C=1,2,4 


For proper output frequency, the ST49C064 can ac- 
cept reference frequency from 5 - 40 MHz and divider 
ratio up to 15. 


The following mask options are provided for custom 
applications. 


* Any frequency can be in any decoding position. 
* DClK, can control selection of the internal frequen- 
cies. 


ST49C064 


Supply 
range 
Voltage 
at any pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


7 Volts II 
GND-0.3 
V to 
VCC+0.3 
V 
o· C to +70· C 
_400 C to +1500 
C 
500 mW 


Symbol 
Parameter 


, 


Limits 
Units 


,., 


Conditions 
Min 
Typ 
Max 


VIL 
Input low level 
0.8 
V 
VIH 
Input high level 
2.0 
V 


VOL 
Output 
low level 
0.4 
V 
10L= 8.0 mA 
VOH 
Output 
high level 
2.4 
V 
10H= 8.0 mA 
IlL 
Input low current 
-350 
).lA 


IIH 
Input high current 
1 
).lA 
VIN=VcC 


Ice 
Operating 
current 
20 
30 
mA 
No load. 
DCLK=80MHz, 
MCLK=40MHz 
Rin 
Internal 
pull-up 
resistance 
15 
20 
25 
k.Q 


ST49C064 


., 
i 
SYffibQI 
parameter 
Limits 
Units 
Conditions 


, 
., 
... 
i'· 
.. 
MiD 
Typ 
iMax 


T, 
Enable pulse width 
20 
ns 


T2 
Setup time data to enable 
20 
ns 


T3 
Hold time to data enable 
10 
ns 


T. 
Rise time 
1 
1.5 
ns 
0.8V·2.0V 
T6 
Fall time 
1 
1.5 
ns 
2.0V - 0.8V 
Ts 
Duty cycle 
40 
48/52 
60 
% 
1.4V switch point 
Ts 
Duty cycle 
45 
48/52 
55 
% 
Vccl2 switch point 
T7 
Jitter 
±175 
±300 
ps 


T8 
Input frequency 
14.318 
32 
MHz 


Tg 
Input clock rise time 
20 
ns 


T,o 
Input clock fall time 
20 
ns 


Tll 
Output frequency change 
0.005 
% 


AO-A3 
MAO-MA2 


MCLK 
DCLK 


T2~~--\ 


--------------------- 


-~/ 
\~_~A 


T9~~ 


\. 
.'V 


i 


--.I ~ 
T5 


.,1 
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ST49C064 ..903 . ST49C064 
ST49C064-907 
.i 
i 
i 
/.>/ 
ii 


, , .. 


Video 
clock 
Frequency 
Frequency 
Frequency 
address 
(MHz) 
(MHz) 
(MHz) 
(Hex) 


0 
30.000 
30.000 
30.250 
1 
77.250 
77.250 
77.250 
2 
EXCLK 
EXCLK 
EXCLK 
3 
80.000 
80.000 
80.000 
4 
31.500 
31.500 
31.500 
5 
36.000 
36.000 
35.500 
6 
75.000 
75.000 
75.000 
7 
50.000 
50.000 
72.000 
8 
40.000 
40.000 
40.000 
9 
50.000 
50.000 
50.000 
A 
32.000 
32.000 
32.000 
B 
44.900 
44.900 
44.900 
C 
25.175 
25.175 
25.175 
D 
28.322 
28.322 
28.322 
E 
65.000 
65.000 
65.000 
F 
36.000 
36.000 
36.000 


Memory 
Frequency 
Frequency 
Frequency 
clock 
(MHz) 
(MHz) 
(MHz) 
address 


(Hex) 


0 
33.000 
41.612 
65.000 
1 
49.218 
37.500 
49.218 


2 
60.000 
49.128 
60.000 
3 
30.500 
44.296 
62.500 
4 
41.612 
41.612 
5 
37.500 
37.500 
6 
36.000 
55.000 


7 
44.296 
44.296 


Compatible with 
ICS9064-903 
AV9064 
ICS9064-907 
Video Controller 
WD90C30 
WD90C30 
WD90C33 


~STARTECH 
ST49C101/102 


r DESCRIPTION 
, 


The ST49C101/102 is a mask programmable mono- 
lithic analog CMOS device, designed to replace exist- 
ing high frequency crystal/oscillator with single low 
frequency crystal. The ST49C101/102 provides high 
speed and low jitter clock output. 
ST49C101/102 is .designed in a 1.2l! process to 
achieve 160 MHz speed for high end frequencies. 


r FEATURES 
, 


• Can replace expensive high frequency oscillator. 
• Programmable analog phase locked loop 
• Low power single 5V CMOS technology 
• 8 pin DIP or SOIC package. 
• Crystal oscillator circuit on board 


r ORDERING 
INFORMATION 
, 


Part number 
ST49C101CP8 
ST49C101CF8 
ST49C102CT8 


Package 
Operating temperature 
Plastic-DIP 
O· C to +70· C 
SOIC 
o· C to +70· 
C 
TSSOP 
O· C to +70· C 


OE 
2 
~ 
7 
Avec 
() 
13 
AGND 
3 
~ 
6 
DVCC 


DGND 
4 
CI) 
5 
CLCCK 


8 
AVCC 


7 
N.C. 


EXCLK 
3 


N.C. 
4 


,· ..·..··.·•.·.1··.·.··..·.·.·.·.······· 
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BLOCK DIAGRAM 


1 
t 


OSCILLATOR 


CIRCUIT 
1 


CLOCK 
PHASE 
COUNTER 
f-----t 
COMPARATOR 


--t 
LOOP FILTER 
I---t 
VCO 
A 


CLOCK 
COUNTER 
B 


PROGRAMMABLE 
I 
POST 


ROM TABLE 
SCALER 
C 


A=5 ...128 
B=5...128 
OUTPUT 
I- 
C=1, 2,4 


I 


BUFFER 


ST49C101/102 


Symbol 
Pin 
Signal Type 
Pin Description 


XTAL1 
1 
I 
Crystal or External 
Clock input. A crystal 
can be connected 
to this pin and XTAL2 
pin to generate 
internal 
phase locked 
loop reference 
clock. For external 
10.00 MHz clock, XTAL2 
is left open or used as buffered 
clock 
output. 


OE 
2* 
I 
Clock Output 
Enable 
(Active 
high). CLOCK 
output 
is three 
stated when this pin is low. 


AGND 
3 
0 
Analog 
ground. 


DGND 
4 
0 
Digital 
ground. 


CLOCK 
5 
0 
Programmed 
output 
clock. 


DVCC 
6 
I 
Positive 
supply 
voltage. 
Single 
+5 volts. 


AVCC 
7 
I 
Analog 
supply 
voltage. 
Single 
+5 volts. 


XTAL2 
8 
0 
Crystal 
output. 


Symbol 
Pin 
Signal Type 
Pin Description 


DVCC 
1 
I 
Digital 
Positive 
supply 
voltage. 
Single 
+5 volts. 


CLOCK 
2 
0 
Pre-programmed 
output 
clock. 


EXCLK 
3 
I 
External 
Clock 
input. 
Input reference 
clock. 


DGND 
5 
0 
Digital 
ground. 


AVCC 
8 
I 
Analog 
supply 
voltage. 
Single 
+5 volts. 


.:...•..o.•..o 
(7)i! 
en 
EXTERNAL CLOCK CONNECTION 
To minimize the noise pickup. it is recommended 
to connect 0.0471JFcapacitor to XTAL 1. and keep 
the lead length of the capacitor to XTAL 1 to a 
minimum to reduce noise susceptibility. 


The ST49C101/102 
contains an analog phase locked 
loop circuit with digital closed loop dividers and a final 
output dividerto achieve the desired dividing ratios for 
the clock output. 
The accuracy of the frequencies produced by the 
ST49C101/102 
depends on the input frequency and 
divider ratios. The formula for calculating the exact 
output frequency is as follows: 


A=5. 6,7 •.........128 
8=5,6.7 
128 
C=1.2.4 


For proper output frequency. the ST49C101/102 
can 
accept a reference frequency from 7 - 20 MHz and 
divider ratio up to 15. 


ST49C101·X 
Factor 
Max. Output 
Frequency 


ST49C101-01 
12 
100 MHz 
ST49C101-02 
6 
100 MHz 
ST49C101-03 
8 
160 MHz 
ST49C101-04 
4 
100 MHz 


ST49C102 
Input 
Output 


. 
Frequellcy 
Frequency 


ST49C102 
40MHz 
60MHz 


ST49C101/102 


en:;! 
<0 
(")..•.o..•.- 
..•.o 
N 


7 Volts II 
GND-0.3 
V to 
VCC+0.3 
V 
0 


0 C to 
+70 


0 
C 
_400 C to +1500 
C 
500 mW 


Supply 
range 
Voltage 
at any pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


V,L 
Input low level 
0.8 
V 
V,H 
Input high level 
2.0 
V 


VOL 
Output 
low level 
0.5 
V 
IOL= 8.0 mA 
VOH 
Output 
high level 
2.8 
V 
IOH= 8.0 mA 


I'L 
Input low current 
-100 
~ 
Pin 2 only 


I'H 
Input high current 
1 
~ 
VIN=VcC 
Pin 2 


Ice 
Operating 
current 
60 
80 
mA 
No load. 
CLOCK=100MHz 
R'N 
Input pull-up 
resistance 
50 
75 
100 
Kn 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


T, 
CLOCK 
rise time 
1.5 
2 
ns 
Load=50n 
0.5V - 
2.8V 
T2 
CLOCK 
fall time 
1.5 
2 
ns 
Load=50n 
2.8V - 


0.5V 
T. 
Duty cycle 
40 
48/52 
60 
% 
1.4V switch 
point 


.Ts 
Duty cycle 
45 
48/52 
55 
% 
VCC/2 
switch 
point 
T3 
Jitter 
±175 
±300 
ps 
T'N 
Input reference 
frequency 
7 
10 
20 
MHz 


TOUT 
Output 
frequency 
160 
MHz 
Ts 
CLOCK 
frequency 
change 
0.01 
% 


ST49C101/102 


No.•..- 
.•..o.•.. 
(J 
(I) 
j! 
tn 
DC ELECTRICAL 
CHARACTERISTICS 
(ST49C101-02 
and -04 ONLY) 


Symbol 


" 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


VIL 
Input low level 
0,8 
V 
V1H 
Input high level 
2.0 
V 


VOL 
Output 
low level 
0.5 
V 
IOL= 4.0 mA 
VOH 
Output 
high level 
2.0 
V 
IOH= 4,0 mA 


IlL 
Input low current 
-100 
~ 
Pin 2 only 


IIH 
Input high current 
1 
~ 
VIN=VcC 
Pin 2 


Ice 
Operating 
current 
40 
60 
mA 
No load. 
CLOCK=80 
MHz 
RIN 
Input pull-up 
resistance 
50 
75 
100 
Kn 


Symbol·", 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


T, 
CLOCK 
rise time 
1.5 
2 
ns 
Load=50n 
0.5V - 
2,OV 
T2 
CLOCK 
fall time 
1.5 
2 
ns 
Load=50n 
2.0V - 
O,5V 
T5 
Duty cycle 
45 
48/52 
55 
% 
VCC/2 
switch 
point 
T3 
Jitter 
±175 
±300 
ps 


TIN 
Input reference 
frequency 
7 
10 
20 
MHz 


TOUT 
Output 
frequency 
80 
MHz 
Ts 
CLOCK 
frequency 
change 
0.01 
% 


ST49C101/102 


T2~ 
~ 
~ 
~T1 


I 
I 
I 
I 
-----oo- ••• 
---<\L_! 
_1_0••• 
1_0_•••_-~V~--OO- 
.•.-----·····\-\\_ 
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; 
I 
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~STARTECH 


r DESCRIPTION 
, 


The ST49C103 and ST49C104 are mask program- 
mable monolithic analog CMOS devices designed to 
generate up to 8 single frequency outputs from a 
single input clock. The ST49C104 will provide eight 
different output frequencies and the ST49C103 will 
provide four different output frequencies. 
They are 
designed in a 1.2l! process to achieve 130 MHz speed 
for high end frequencies. 
The ST49C103 and ST49C104 are designed to re- 
place existing video clocks generated from individual 
oscillators in order to reduce.board space and number 
of oscillators. 
To provide high speed and low jitter 
clock, the parts utilize a high speed analog CMOS 
phase locked loop using 14.318 MHz system clock as 
the reference clock (note that reference clock can be 
changed to generate optional frequencies from a 
standard 
programmed 
device). 
The programmed 
clock outputs are selectable via three address lines 
and address latch enable pin. The ST49C104 also 
includes a power on reset circuit which will cause the 
select logic to select the frequency at address "000" 
upon power up. The latch enable pin is also mask 
programmable to be active high, active low or rising or 
falling edge sensitive. 


A1 
1 


A2 
2 


GND 
3 
I FEATURES 


i 
• Can replace up to 8 oscillators/crystals 
and a 
multiplexer 
• Pin-to-pin compatible to Avasem AV9103/104 
• Programmable analog phase locked loop 
• Low power single 5V CMOS technology 
.8 or 14 pin DIP or SOIC package. 


I ORDERING 
INFORMATION 


i 
.... .. 
._...,.., ,.... 
, ,. .., .. ,. 


Part number 
ST49C103CP8 
ST49C103CF8 
ST49C104CP8 
ST49C104CF8 
ST49C104CP14 
ST49C104CF14 


Package 
Operating temperature 
Plastic-DIP 
0° C to +70° C 
SOIC 
0° C to +70° C 
Plastic-DIP 
0° C to +70° C 
SOIC 
0° C to +70° C 
Plastic-DIP 
0 ° C to +70° C 
SOIC 
0° C to +7'0° C 


ST49C103 
ST49C104 


AO 


N.C. 


AVCC 


9 
CLK2 


8 
CLK1 


8 
AO 


7 
N.C. 


6 
VCC 


8 
AO 


7 
N.C. 


6 
VCC 


ST49C103/104 
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U 
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BLOCK DIAGRAM 


VOLTAGE 


CONTROLLED 
OSCILLATOR 


ST49C103/104 


XTAL2 
7 


CLK1 
8 


CLK2 
9 


CLKO 
10 


DVCC 
11 


AVCC 
12 


N.C. 
13 


AO 
14 


Address latch enable input. To latch selected programmed 
clock output. 


Crystal or external clock input. A crystal can be connected 
to this pin and XTAL2 pin to generate internal phase locked 
loop reference clock. For external 
14.318 MHz clock, 


XTAL2 is left open or used as buffered clock output. 


ST49C103/104 
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SYMBOL DESCRIPTION 
(ST49C104 
8 pin package) 


Symbol 
Pin 
Signal Type 
Pin Description 


A1 
1 
I 
Frequency 
select address 
input 2. 


A2 
2* 
I 
Frequency 
select 
address 
input 
3. 


GND 
3 
0 
Digital 
ground. 


EXCLK 
4 
I 
External 
clock input. 
Internal 
phase locked 
loop reference 
clock. 


CLKO 
5 
0 
Programmed 
output 
clock. 


VCC 
6 
I 
Digital 
supply 
voltage. 
Single 
+5 volts. 


N.C. 
7 


AD 
8 
I 
Frequency 
select address 
input 1. 


ST49C103/104 


Symbol 
...... 
SignaLTyp~ 


... 


Pin 
Pin Description 


..•.. •< 
. 


A1 
1 
I 
Frequency select address input 2. 


GND 
2 
0 
Digital ground. 


XTAL1 
3 
I 
Crystal or external clock input. A crystal can be connected 
to this pin and XTAL2 pin to generate internal phase locked 
loop reference clock. For external 
14.318 MHz clock, 


XTAL2 is left open or used as buffered clock output. 


XTAL2 
4 
0 
Crystal output. 


CLKO 
5 
0 
Programmed output clock. 


VCC 
6 
I 
Digital supply voltage. Single +5 volts. 


N.C. 
7 


AO 
8 
I 
Frequency select address input 1. 


ST49C103/104 


EXTERNAL CLOCK CONNECTION 
To minimize the noise pickup, it is recommended 
to connect 0.0471JFcapacitor to XTAl1, and keep 
the lead length of the capacitor to XTAl1 to a 
minimum to reduce noise susceptibility. 


The ST49C104 contains an analog phase locked loop 
circuit with digital closed loop dividers and 
a final 
output multiplexer to achieve the desired dividing 
ratios for the clock output. 
The accuracy of the frequencies produced by the 
ST49C104 depends on the input frequency and di- 
vider ratios. The formula for calculating the exact 
output frequency is as follows: 


A=1,2,3, 
127 
8=8,16,32,64 
C=1,2,4,8 


For proper output frequency, the ST49C104 can ac- 
cept a reference frequency from 5 - 40 MHz and 
divider ratio up to 15. 


MASK OPTIONS 
The following mask options are provided for custom 
applications. 


* latch Enable can be edge triggered or level sensi- 
tive. 
* latch Enable can be active high or active low. 
* Any frequency can be in any decoding position. 
* ClK 1 and ClK 2 can be included in decoding table. 
* ClK2 can control selection of either ClK 1 or the 
internal frequencies. 


FEATURE 
. ST49C104 
ST49C104 
ST49C103 


.... 
. .... 
•.•..14-pin 
8-pin 
8-pin 


8 output frequencies 
X 
X 
4 output frequencies 
X 
Programmable lEN pin 
X 
X 
X 
Clock input only 
X 
Crystal or clock input 
X 
X 
ClK1, ClK2 available for output mux 
X 


ST49C103/104 


Adl:iress latctlJLEN) 
State 
. i.. 


ST49C104-1 
Transparent for LEN high 
ST49C104-2 
Transparent for LEN low 
ST49C104-3 
Transparent for LEN low 


Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 


7 Volts 
GND-0.3 V to VCC+0.3 V 
0 
0 C to +70 
0 C 
_400 C to +1500 C 
500 mW 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


V,L 
Input low level 
0.8 
V 
V,H 
Input high level 
2.0 
V 
VOL 
Output low level 
0.4 
V 
10L= 8.0 mA 
VOH 
Output high level 
2.4 
V 
10H= 8.0 mA 
I'L 
Input low current 
-350 
~ 
Except crystal 
input 
I'H 
Input high current 
1 
~ 
VIN=VcC 
Ice 
Operating current 
20 
30 
mA 
No load. 
DCLK=80MHz 
R'N 
Input pull-up resistance 
15 
20 
25 
Kn 


•••••••••••••••••••••••••••••••••••••••••• 
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AC ELECTRICAL 
CHARACTERISTICS 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


T, 
Enable pulse width 
20 
ns 
T2 
Setup time data to enable 
20 
ns 
T3 
Hold time to data enable 
10 
ns 
T. 
Rise time 
1 
1.5 
ns 
0.8V - 2.0V 
To 
Fall time 
1 
1.5 
ns 
2.0V - 0.8V 
T6 
Duty cycle 
40 
48/52 
60 
% 
1.4V switch point 
T6 
Duty cycle 
45 
48/52 
55 
% 
Vccl2 switch point 
T7 
Jitter 
±175 
±300 
ps 
Ts 
Input frequency 
14.318 
32 
MHz 
Tg 
Input clock rise time 
20 
ns 
T,o 
Input clock fall time 
20 
ns 
T" 
Output frequency change 
0.005 
% 


ST49C1 03/1 04 


TIMING DIAGRAM 


T1 
., 
!4 


LEN 
I 
\ 


T2 H 
i4--.i T3 


AO-A2 


~ 
\ 


14 


CLOCK IN 
1 


CLOCK \ 
! 
OUT 


--.i ~T4 


14 
.14 
T6 


14 


\_~l 


-.l f4- T10 


\ __ 
I:~.'/ 


~ 
~T5 
-.i f4-T7 
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ST49C103/104 


A2A1 AO 
ST49C104·1 
ST49C104·2 
ST49C104·3 
ST49C104·S* 
ST49C103** 


NOMINAL 
ACTUAL 
NOMINAL 
ACTUAL 
NOMINAL 
ACTUAL 
NOMINAL 
ACTUAL 
NORMAL 
ACTUAL 


0 
0 
0 
Xtal 
Xtal 
25.175 
25.280 
50.350 
50.560 
39.000 
39.000 
32.000 
32.00 
0 
0 
1 
16.257 
16.331 
28.322 
28.412 
56.664 
56.824 
25.000 
25.000 
40.00 
40.00 
0 
1 
0 
CIk2 
Clk2 
32.514 
32.663 
65.028 
65.326 
30.750 
30.750 
50.00 
50.00 
0 
1 
1 
32.514 
32.663 
36.000 
35.795 
72.000 
71.590 
26.250 
26.250 
1.00 
1.00 
1 
0 
0 
25.175 
25.056 
40.000 
39.822 
80.000 
79.640 
32.000 
32.000 
N/A 
1 
0 
1 
28.322 
28.412 
44.900 
44.744 
89.800 
89.488 
25.250 
25.250 
N/A 
1 
1 
0 
24.000 
23.938 
50.000 
50.113 
75.000 
75.169 
31.250 
31.250 
N/A 
1 
1 
1 
40.000 
39.822 
65.000 
65.326 
108.00 
108.280 
37.500 
37.500 
N/A 


A2A1 AO 
ST49C104-6** 


NOMINAL 
ACTUAL 


0 
0 
0 
25.500 
25.500 
0 
0 
1 
16.500 
16.500 
0 
1 
0 
20.750 
20.750 
0 
1 
1 
22.500 
22.500 
1 
0 
0 
24.500 
24.500 
1 
0 
1 
19.500 
19.500 


1 
1 
0 
15.000 
15.000 
1 
1 
1 
14.000 
14.000 


Input clock frequency = 14.318 MHz 
* Input clock frequency = 16.0 MHz 
** Input clock frequency = 8.0 MHz 


~STARTECH 
ST49C106 


I DESCRIPTION 


I 
The ST49C106 is a mask programmable monolithic 
analog CMOS device designed to generate up to 8 
single frequency outputs from asingle input clock. The 
ST49C106 is designed in a 1.2~ process to achieve 
130 MHz speed for high end frequencies. 
The ST49C106 is designed to replace existing video 
clocks generated from individual oscillators in order to 
reduce board space and number of oscillators. 
To 
provide high speed and lowjitter clock, the parts utilize 
a high speed analog CMOS phase locked loop using 
14.318 MHz system clock asthe reference clock (note 
that reference clock can be changed to generate 
optional frequencies from a standard programmed 
device). The programmed clock outputs are select- 
able via three address lines and address latch enable 
pin. The ST49C106 also includes a power on reset 
circuit which will cause the select logic to select the 
frequency at address "000" upon power up. The 
ST49C106 contains de-glitch circuit so that full clock 
cycles are provided whenever the HALT pin stops or 
starts the output clock. 


A1 
1 
AO 


A2 
2 
.q- 
N.C . 
~ 
LEN 
3 
() 
AVec 
<D 
AGND 
4 
0..- 
() 
OJ 
10 
CLKO 
.q-l- 
(/) 
9 
HALT 


8 
SEL 


14 
AO 


.q- 
13 
N.C. 
..- 
0.. 
() 
12 
AVec 


<D 
0 
11 
DVCC 
..- 
() 
OJ 
10 
CLKO 
~ 
(/) 
9 
HALT 


8 
SEL 


r FEATURES 


i 
• Can replace up to 8 oscillators/crystals 
and a 


multiplexer 
• Pin-to-pin compatible to Avasem AV9106-14 
• Programmable analog phase locked loop 
• Low power single 5V CMOS technology 
XTAL2 
7 


.14 
pin DIP or SOIC package. 


l ORDERING 
INFORMATION 
~ 


Part number 
ST49C106CP14 
ST49C106CF14 


Package 
Operating temperature 
Plastic-DIP 
O· C to +70· 
C 
SOIC 
O· C to +70· C 


,· .. ···1······..··.····.···.··.····· 
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VOLTAGE 


CONTROLLED 
OSCILLATOR 


ST49C106 


Symbol 
Pin .•... 
Signal Type 
Pin Description 


A1 
1 
I 
Frequency select address input 2. 


A2 
2* 
I 
Frequency select address input 3. 


LEN 
3* 
I 
Address latch enable input. To latch selected programmed 
clock output. 


AGND 
4 
0 
Analog ground. 


DGND 
5 
0 
Digital ground. 


XTAL1 
6 
I 
Crystal or external clock input. A crystal can be connected 
to this pin and XTAL2 pin to generate internal phase locked 
loop reference clock. For external 
14.318 MHz clock, 


XTAL2 is left open or used as buffered clock output. 


XTAL2 
7 
0 
Crystal output. 


SEL 
8 
I 
Clock level select / CLK1. When HALT is asserted, SEL 
selects whether the clock is high or low. This level must be 
selected before the clock is halted. SEL pin can be used as 
an xternal clock input when HALT is active. 


HALT 
9 
I 
Start / Stop output clock. 


CLKO 
10 
0 
Programmed output clock. 


DVCC 
11 
I 
Digital supply voltage. Single +5 volts. 


AVCC 
12 
I 
Analog supply voltage. Single +5 volts. 


AO 
14 
I 
Frequency select address input 1. 


ST49C106 


EXTERNAL CLOCK CONNECTION 
To minimize the noise pickup, it is recommended 
to connect 0.0471JFcapacitor to XTAL 1, and keep 
the lead length of the capacitor to XTAL1 to a 
minimum to reduce noise susceptibility. 


The accuracy of the frequencies produced by the 
ST49C106 depends on the input frequency and di- 
vider ratios. The formula for calculating the exact 
output frequency is as follows: 


A=1,2,3, 
127 
8=8,16,32,64 
C=1,2,4,8 
The ST49C106 contains an analog phase locked loop 
circuit with digital closed loop dividers and 
a final 
output multiplexer to achieve the desired dividing 
ratios for the clock output. 


For proper output frequency, the ST49C106 can ac- 
cept a reference frequency from 5 - 40 MHz and 
divider ratio up to 15. 


Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 


7 Volts 
GND-0.3 V to VCC+0.3 V 
00 C to +700 C 
_400 C to +1500 C 
500 mW 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


VIL 
Input low level 
0.8 
V 
VIH 
Input high level 
2.0 
V 
VOL 
Output low level 
0.4 
V 
IOL= 8.0 mA 
VOH 
Output high level 
2.4 
V 
IOH= 8.0 mA 
IlL 
Input low current 
-350 
l-lA 
Except crystal 
input 


I'H 
Input high current 
1 
l-lA 
VIN=VcC 
lee 
Operating current 
20 
30 
mA 
No load. 
DCLK=80MHz 
RIN 
Input pull-up resistance 
15 
20 
25 
Kn 
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Symbol 
Parameter 
Limits 
Units 
Conditions 


Min 
Typ 
Max 


T, 
Enable pulse width 
20 
ns 
T2 
Setup time data to enable 
20 
ns 
T3 
Hold time to data enable 
10 
ns 


T. 
Rise time 
1 
1.5 
ns 
0.8V - 2.0V 


T5 
Fall time 
1 
1.5 
ns 
2.0V - 0.8V 
T. 
Duty cycle 
40 
48/52 
60 
% 
1.4V switch point 


T. 
Duty cycle 
45 
48/52 
55 
% 
Vccl2 switch point 
T7 
Jitter 
±175 
±300 
ps 


T. 
Input frequency 
14.318 
32 
MHz 


T9 
Input clock rise time 
20 
ns 
T,o 
Input clock fall time 
20 
ns 
T" 
Output frequency change 
0.005 
% 


A2A1AO 
ST49Cl06-5~ 


NOMINAL 
ACTUAL 


0 
0 
0 
39.000 
39.000 
0 
0 
1 
25.000 
25.000 
0 
1 
0 
30.750 
30.750 
0 
1 
1 
26.250 
26.250 
1 
0 
0 
32.000 
32.000 
1 
0 
1 
25.250 
25.250 


1 
1 
0 
31.250 
31.250 
1 
1 
1 
37.500 
37.500 


ST49C106 


\~------ 


\\~------------------ 


CLKO \ 
I 
\ 
Ii 


--.i ~T4 
---.J ~T5 
-.I 
~T7 


1<1 
~I<I 
~I 


T6 
T6 


1<1 
~I 


T11 


~STARTECH 
ST49C107 


r DESCRIPTION 
, 
... 
, 
" 
.. 
, 
" 
" 
..-, .... 


The ST49C107 is a mask programmable monolithic 
analog CMOS device 
designed to generate two 
similtaneous clock. One clock, the BCLK (buffered 
reference clock), is a fixed output frequency. The 
other clock, CLOCK, 1XCLK, and 2XCLK can vary 
from 2 to 100MHz, with up to 16 single selectable 
preprogrammed frequencies stored in internal ROM. 
The ST49C107 is designed to replace existing CPU 
mother board clocks generated from individual oscil- 
lators in order to reduce board space and number of 
oscillators. To provide high speed and lowjitter clock, 
the parts utilize a high speed analog CMOS phase 
locked loop using 14.318 MHz systt;lm clock as the 
reference clock (note that reference clock can be 
changed to generate optional frequencies from a 
standard 
programmed 
device). 
The programmed 
clock outputs are selectable via four address lines ( 
two address lines for ST49C107-0S). 


14 
AO 
~ 
BCLK 
u:: 
() 
vcc 
r-- 


AGNO 
4 
0 
0 
DGNO 
5 
Ol 
10 
CE2 
~ 
PO' 
6 
en 
9 
OE1 


XTAL1 
7 
8 
XTAL2 


ST49C107CF-03 


A1 
1 
14 
AO 


A2 
2 
~ 
13 
1XCLK 


A3 
3 
u:: 
vcc 
() 
12 
r-- 
0 
11 
2XCLK 
0 
Ol 
10 
CE2 
~en 
9 
OE1 


8 
XTAL2 


r FEATURES 


i,-.,'-,--,-'-,'-"""" 
"'.'.'-. 
• Provides reference clock and synthesized clock 
• 5 to 40MHz input reference frequency 
• Pin-to-pin compatible to Avasem AV9107 
• Programmable analog phase locked loop 
• Low power single SV CMOS technology 
• Up to 16 frequencies stored internally 
.8/14 
pin DIP or SOIC package. 


AO 
1 
co 
8 
BCLK 
u. 


GNO 
2 
~ 
7 
vcc 


XTAL1 
3 
~ 
6 
CLOCK 


XTAL2 
4 
en 
5 
A1 


r ORDERING 
INFORMATION 


i " 
"',,,_,. 
,., 
., " .." 
", 
. 


Part number 
ST49C107CP8 
ST49C107CF8 
ST49C107CP14 
ST49C107CF14 


Package 
Operating temperature 
Plastic-DIP 
O· C to +70· C 
SOIC 
o· C to +70· 
C 
Plastic-DIP 
o· C to +70· C 
SOIC 
o· C to +70· C 


1·.·.···.·.·.·1·..·.·.·..·..·.·..····..···.·· 
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A=5 
128 
B=5 
128 
C=1, 2, 4 


1 
t 


OSCILLATOR 


CIRCUIT 
1 


CLOCK 
PHASE 
COUNTER 
~ 
COMPARATOR 


---t 
LOOP FILTER 
f--t 
VCO 
A 


CLOCK 
COUNTER 
B 


PROGRAMMABLE 
POST 


ROM TABLE 
SCALER 
C 
1 


OUTPUT 
r- 
r 


BUFFER 
f-+ 


~ 
w 
~ 
o 
0 
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Symbol 
Pin 
Signal Type 
Pin Description 


A1 
1* 
I 
Frequency 
select address 
input 2. 


A2 
2* 
I 
Frequency 
select 
address 
input 
3. 


A3 
3* 
I 
Frequency 
select 
address 
input 
4. 


AGND 
4 
0 
Analog 
ground. 


DGND 
5 
0 
Digital 
ground. 


PO 
6* 
I 
Power-Down 
(Active 
low). Shuts off chip when 
low. 


XTAL1 
7 
I 
Crystal or EXternal 
Clock input. A crystal can be connected 


to this pin and XTAL2 
pin to generate 
internal 
phase locked 


loop 
reference 
clock. 
For 
external 
14.318 
MHz 
clock, 


XT AL2 is left open or used as buffered 
clock 
output. 


XTAL2 
8 
0 
Crystal 
output. 


OE1 
9* 
I 
Buffered 
clock Output 
Enable 
(Active 
high). BCLK output is 


three stated when this pin is low. 


OE2 
10* 
I 
Clock Output 
Enable 
(Active 
high). CLOCK 
output 
is three 


stated when this pin is low. 


CLOCK 
11 
0 
Programmed 
output 
clock. 


VCC 
12 
I 
Positive 
supply 
voltage. 
Single 
+5 volts. 


BCLK 
13 
0 
Buffered 
crystal 
clock output. 


AO 
14* 
I 
Frequency 
select 
address 
input 1. 
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Symbol 
Pin 
Signal Type 
Pin Description 


A1 
1* 
I 
Frequency select address input 2. 


A2 
2* 
I 
Frequency select address input 3. 


A3 
3* 
I 
Frequency select address input 4. 


AGND 
4 
0 
Analog ground. 


DGND 
5 
0 
Digital ground. 


PD 
6* 
I 
Power-Down (Active low). Shuts off chip when low. 


XTAL1 
7 
I 
Crystal or EXternal Clock input. A crystal can be connected 
to this pin and XTAL2 pin to generate internal phase locked 
loop reference clock. For external 
14.318 MHz clock, 


XTAL2 is left open or used as buffered clock output. 


XTAL2 
8 
0 
Crystal output. 


OE1 
9* 
I 
1X-CLOCK Output Enable (Active high). 1X-CLOCK output 
is three stated when this pin is low. 


OE2 
10* 
I 
2X-CLOCK Output Enable (Active high). 2X-CLOCK output 
is three stated when this pin is low. 


2XCLK 
11 
0 
Programmed output clock. 


VCC 
12 
I 
Positive supply voltage. Single +5 volts. 


1XCLK 
13 
0 
2X-CLOCK Divide-by-two output. 


AO 
14* 
I 
Frequency select address input 1. 
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Symbol 
Pin 
Signal Type 
Pin Description 


AO 
1 
I 
Frequency select address input 1. 


A1 
5 
I 
Frequency select address input 2. 


GND 
2 
0 
Supply ground. 


XTAL1 
3 
I 
Crystal or EXternal Clock input. A crystal can be connected 
to this pin and XTAL2 pin to generate internal phase locked 
loop reference clock. For external 
14.318 MHz clock. 
XTAL2 is left open or used as buffered clock output. 


XTAL2 
4 
0 
Crystal output. 


CLOCK 
6 
0 
Programmed output clock. 


VCC 
7 
I 
Positive supply voltage. Single +5 volts. 


BCLK 
8 
0 
Buffered crystal clock output. 


The ST49C107 is designed to provide smooth. 
glitch-free frequency transitions on the CLOCK, 
1XCLK and 2XCLK clocks when the frequency 
select pins are changed. These frequency transi- 
tions are less than 0.1% frequency change per 
clock period. 


The ST49C107 contains an analog phase locked loop 
circuit with digital closed loop dividers and 
a final 
output multiplexer to achieve the desired dividing 
ratios for the clock output. 
The accuracy of the frequencies produced by the 
ST49C107 depends on the input frequency and di- 
vider ratios. The formula for calculating the exact 
output frequency is as follows: 
EXTERNAL 
CLOCK 
CONNECTION 
To minimize the noise pickup. it is recommended 
to connect 0.0471JFcapacitor to XTAL1. and keep 
the lead length of the capacitor to XTAL 1 to a 
minimum to reduce noise susceptibility. 
A=5. 6. 7 
128 
B=5. 6.7 
128 
C=1.2 


For proper output frequency. the ST49C107 can ac- 
cept a reference frequency from 5 - 40 MHz and 
divider ratio up to 15. 


1·•• 
·····.·.·1·.·.···.·.···.·.·.········· 
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Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 


7 Volts 
GND-0.3 V to VCC+0.3 V 
0° C to +70° C 
_40° C to +150° C 
500 mW 


V'L 
Input low level 
0.8 
V 


V'H 
Input high level 
2.0 
V 


VOL 
Output low level 
0.4 
V 
IOL= 8.0 mA 


VOH 
Output high level 
2.4 
V 
IOH= 8.0 mA 


I'L 
Input low current 
-10 
).lA 
Exc. crystal input 


I'H 
Input high current 
1 
).lA 
VIN=VcC 


lee 
Operating current 
20 
30 
mA 
No load. 
CLOCK=80MHz 


IS6 
Standby current 
25 
).lA 
No load. 


R'N 
Input pUll-up resistance 
500 
900 
1300 
Kn 


AC ELECTRICAL 
CHARACTERISTICS 


TA=O°- 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 


Symbol 
Parametet 


T, 
1X, 2X-CLOCK rise time 
1 
1.5 
ns 
0.8V - 2.0V 


T2 
1X, 2X-CLOCK fall time 
1 
1.5 
ns 
2.0V - 0.8V 


T. 
Duty cycle 
40 
48/52 
60 
% 
1.4V switch point 


T5 
Duty cycle 
45 
48/52 
55 
% 
Vcc/2 switch point 


T3 
Jitter 
±175 
±300 
ps 


T 
Input frequency 
2 
32 
MHz 


T7 
Buffered clock rise time 
20 
ns 


Ta 
Buffered clock fall time 
20 
ns 


Ts 
1X, 2X-CLOCK frequency change 
0.005 
% 


1-46 
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CLOCK OUTPUT TABLE FOR ST49C1D7-D3 (us- 
ing 14.318 MHz input. All frequencies 
in MHz). 


A3A2A1 
AD 
CLOCK 


0 
0 
0 
0 
16.00 
0 
0 
0 
1 
40.01 
0 
0 
1 
0 
50.11 
0 
0 
1 
1 
80.01 
0 
1 
0 
0 
66.58 
0 
1 
0 
1 
100.23 
0 
1 
1 
0 
8.02 
0 
1 
1 
1 
. 4.01 
1 
0 
0 
0 
8.02 
1 
0 
0 
1 
20.00 
1 
0 
1 
0 
25.06 
1 
0 
1 
1 
40.01 
1 
1 
0 
0 
33.29 
1 
1 
0 
1 
50.11 
1 
1 
1 
0 
4.01 
1 
1 
1 
1 
2.05 


CLOCK OUTPUT TABLE FOR ST49C1D7-04 (us- 
ing 14.318 MHz input. All frequencies 
in MHz). 


A3A2A1 
AD 
2X-CLOCK 
CLOCK 


0 
0 
0 
0 
80.02 
40.01 
0 
0 
0 
1 
66.62 
33.31 
0 
0 
1 
0 
50.11 
25.06 
0 
0 
1 
1 
40.01 
20.00 
0 
1 
0 
0 
100.23 
50.11 
0 
1 
0 
1 
33.31 
16.66 
0 
1 
1 
0 
32.01 
16.00 
0 
1 
1 
1 
25.06 
12.47 
1 
0 
0 
0 
64.02 
32.01 
1 
0 
0 
1 
2X-lnput 
1X-lnput 
1 
0 
1 
0 
3X-lnput 
1.5X-lnput 
1 
0 
1 
1 
8X-lnput 
4X-lnput 
1 
1 
0 
0 
0.5X-lnput 
0.25X-lnput 
1 
1 
0 
1 
0.25X-lnput 
0.125X-lnput 
1 
1 
1 
0 
120.00 
60.00 
1 
1 
1 
1 
129.96 
64.98 


CLOCK OUTPUT TABLE FOR ST49C1D7-05 (US-I' 
ing 14.318 MHz input. All frequencies 
in MHz). 
==== 


MAD 
CLOCK 


0 
0 
40.01 
0 
1 
50.11 
1 
0 
66.61 
1 
1 
80.01 
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~STARTECH 
ST49C154 


SOIC Package 


1.8 MHZ 
1 
16 
AO 


XTAL2 
2 
r-- 
15 
A1 
~ 
XTAL1 
3 
co 
14 
2XCLK 
u:: 
vcc 
4 
() 
13 
vcc 
v 
ll) 
GNO 
5 
U 
12 
GNO 


24 MHZ 
6 
0> 
11 
14.3 MHZ 
~ 


12 MHZ 
7 
CJ) 
10 
A2 


AGNO 
8 
9 
PDCPU 


r GENERAL 
DESCRIPTION 


i 


The ST49C154 is a monolithic analog CMOS device 
designed to generate six simultaneous clock out- 
puts for mother board and disk drive applications. It 
is designed in a 1.2~ process to achieve 100 MHz 
operation with low clock jitter. 
The ST49C154 may be used to replace existing BUS, 
1/0, and disk drive clocks generated from individual 
oscillators so that board space and number of oscil- 
lators are reduced. The high speed analog CMOS 
phase locked loops use the 14.318 MHz system clock 
or external crystal connected between XTAL1 and 
XTAL2 as the reference clock (reference clock can be 
changed to generate non-standard frequencies from 
the standard programmed device). 
The ST49C154 is metal mask programmable to pro- 
vide any custom set of CPUCLK frequencies. The 
programmed clock outputs are selectable via 
four 
address lines for 1XCLK 12XCLK outputs. The CPU 
clock makes glitch-free 
transitions 
from one fre- 
quencyto the next and follows Intel's processors input 
clock specification. 


AO 
1 
16 
A1 


XTAL2 
2 
v 
15 
2XCLK 
9 


XTAL1 
3 
co 
14 
1XCLK 
u:: 
vcc 
4 
() 
13 
vcc 
v 
ll) 
GNO 
5 
U 
12 
GNO 


24 MHZ 
6 
0> 
11 
14.3 MHZ 
~ 


8 MHZ 
7 
CJ) 
10 
A2 


AGNO 
8 
9 
PO" 
r FEATURES 
i 


• Pin -to-pin compatible to AV9154 
• Compatible with 286, 386, and 486 CPUs 
• Supports Turbo modes 
• Generates 
communications 
clock, 
keyboard 
clock, floppy disk clock, system reference clock, 
bus clock and CPU clock 
• Skew controlled 2X and 1X clocks 
• Programmable analog phase locked loop 
• High speed (up to 130 MHz output) 
• Low power single 3V I 5V CMOS technology 
• 16 pin dip or SOIC package 


A2 
1 
AO 


XTAL2 
2 
ll) 
A1 
~ 
XTAL1 
3 
co 
1XCLK 
u:: 
vcc 
4 
() 
13 
vcc 
v 
ll) 
GNO 
5 
U 
12 
GNO 


32 MHZ 
6 
0> 
11 
14.3 MHZ 
~ 


8 MHZ 
7 
CJ) 
10 
A3 


AGNO 
8 
9 
PO" 


[ ORDERING 
INFORMATION 


i 


Part number 
Package 
Operating temperature 
ST49C154CP16-xx 
Plastic-DIP 
00 C to +700 
C 
ST49C154CF16-xx 
SOIC 
00 C to +700 
C 


ST49C154 


VOLTAGE 


CONTROLED 
OSCILLATOR 


ST49C154 


Symbol 
Pin 
Signal Type 
Pin Description 


XTAL2 
2 
0 
Crystal output. 


XTAL1 
3 
I 
Crystal or External clock input. 


VCC 
4,13 
I 
Oigital supply voltage. Single +3/ +5 volts. 


GNO 
5,12 
0 
Oigital signal ground. 


AGNO 
8 
0 
Analog ground. 


AO 
" 
I 
CPU clock frequency select address O. 
ST49C154-4, -6, -16, -26, -60 > pin 1. 
ST49C154-5, -10, -25, -27 > pin 16. 


A1 
* 
I 
CPU clock frequency select address 1. 
ST49C154-4, -6, -16, -26, -60 > pin 16. 
ST49C154-5, -10, -25, -27 > pin 15. 


A2 
" 
I 
CPU clock frequency select address 2. 
ST49C154-4, -26, -27 > pin 10. 
ST49C154-5, -25 > pin 1. 
ST49C154-6, -16, -60 > pin 15. 


A3 
" 
I 
CPU clock frequency select address 3. 
ST49C154-5, -25 > pin 10. 


PO" 
" 
I 
Power down ( active low). 
Shuts off entire chip when low. 


ST49C154-4, -5, -25, -26 > pin 9. 


POCPU 
" 
I 
Power down ( active high). 
Shuts off 2XCLK output when 


high. 
ST49C154-6, -16, -60 > pin 10. 


POREF 
" 
I 
Power down ( active high ). 
Shuts off the 14.318 MHz 


reference clock output. 
ST49C154-6, -16, -60 > pin 9. 


POCLK* 
" 
I 
Power down (active low). Shuts offthe 1.846 MHz, 8 MHz, 
16 MHz, and 24 MHz clock outputs. 
ST49C154-10 > pin 9. 


Symbol 
Pin 
Signal Type 
Pin Description 


1XCLK 
* 
0 
Selectable CPU clock output. 
ST49C154-4, -5, -6, -10, -16, -25, -60 > pin 14. 


2XCLK 
* 
0 
Selectable 2X-CPU clock output. 
ST49C154-4, -6, -60> pin 15. 
ST49C154-27> pin 14. 


1.846 MHz 
* 
0 
1.846 MHz clock output. 
ST49C154-10> pin 7. 
ST49C154-27 > pin 1. 


8 MHz 
* 
0 
8 MHz clock output. 
ST49C154-4, -5, -25 > pin 7. 
ST49C154-10> pin 1. 


12 MHz 
* 
0 
12 MHz clock output. 
ST49C154-16, -26, -27> pin 7. 


14.318 MHz 
* 
0 
14.318 MHz reference clock output. 
ST49C154-4, -5, -6, -16, -25, -27, -60> pin 11. 
ST49C154-10> pin 10. 


16 MHz 
* 
0 
16 MHz clock output. 
ST49C154-5, -10> pin 6. 


24 MHz 
* 
0 
24 MHz clock output. 
ST49C154-4, -6, -16, -26, -27, -60 > pin 6. 
ST49C154-10> pin 11. 


32 MHz 
* 
0 
32 MHz clock output. 
ST49C154-25> pin 6. 


128 kHz 
* 
0 
128 kHz clock output. 
ST49C154-6, -60> pin 7. 


ST49C154 


3,10,13 


4,12 
0 


7 
0 


15 
0 


5 
0 


11 
0 


6 
0 


14 
0 
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A3A2A1 
AO 
ClK 
ClK 
ClK 
ClK 
ClK 
ClK 
ClK 
-5 
-6 
-10 
-16 
-25 
-27 
-60 


0 
0 
0 
0 
2.15 
16.11 
PDCPU 
16.11 
2.15 
75.17 
8.182 
0 
0 
0 
1 
8.18 
20.05 
40.09 
20.05 
8.18 
31.94 
16.11 
0 
0 
1 
0 
16.11 
25.06 
50.11 
25.06 
16.11 
60.136* 
20.05 
0 
0 
1 
1 
20.05 
33.24 
66.48* 
33.41 
20.05 
40.09 
25.06 
0 
1 
0 
0 
25.06 
40.09 
40.09 
25.06 
50.11 
33.24 
0 
1 
0 
1 
33.24 
50.11 
50.11 
33.24 
66.48* 
40.09 
0 
1 
1 
0 
40.09 
66.48 
66.48* 
40.09 
80.18* 
50.11 
0 
1 
1 
1 
50.11 
80.18* 
80.18* 
50.11 
51.90 
66.48* 
1 
0 
0 
0 
4.30 
4.30 
1 
0 
0 
1 
16.11 
16.11 
1 
0 
1 
0 
32.22 
32.22 
1 
0 
1 
1 
40.09 
40.09 
1 
1 
0 
0 
50.11 
50.11 
1 
1 
0 
1 
66.48* 
66.48* 
1 
1 
1 
0 
80.18* 
80.18* 


1 
1 
1 
1 
100.23* 
100.23* 


1/0 
8.00 
0.128 
1.846 
12.00 
8.00 
1.846 
0.128 
Clocks 
14.318 
14.318 
8.00 
14.318 
14.318 
12.00 
14.318 
16.00 
24.00 
14.318 
24.00 
32.01 
14.318 
24.00 
16.00 
24.00 
24.00 


A2A1 AD 
2XClK 
1XClK 


0 
0 
0 
100.23* 
50.11 
0 
0 
1 
80.18* 
40.09 
0 
1 
0 
66.48* 
33.24 
0 
1 
1 
50.11 
25.06 
1 
0 
0 
40.09 
20.05 
1 
0 
1 
32.22 
16.11 
1 
1 
0 
24.23 
12.12 
1 
1 
1 
15.75 
7.88 


1/0 
8.00, 
12.00** 
Clocks 
24.00 
14.318 


XTAL2 
1 
16 
N.C. 


XTAL1 
2 
N 
15 
20 MHZ 
~ 


VCC 
3 
<D 
14 
40 MHZ 
u: 
GND 
4 
U 
VCC 
~ 
LO 
24 MHZ 
5 
0 
GND 


32 kHZ 
6 
en 
~ 


AGND 
7 
(f) 
VCC 


N.C. 
8 
9 
N.C. 


*These selections will only operate at 5V. 
** ST49C154-26 only 
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Supply voltage 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 


7 Volts II· 


GND-0.3 V to VCC+0.3 
V 
00 C to +700 C 
-400 C to +1500 C 
500 mW 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max. 


V'L 
Input low level 
0.8 
V 


V'H 
Input high level 
2.0 
V 


VOL 
Output low level 
0.4 
V 
IOL= 4.0 mA 
VOH 
Output high level 
2.4 
V 
IOH= -8.0 mA 


I'L 
Input low current 
-5 
llA 
VIN=OV 


I'H 
Input high current 
5 
llA 
VIN=VcC 
Ice 
Operating 
current 
25 
40 
mA 
No load. 


158 
Stand by current 
15 
llA 
Power down. 


lac 
Short circuit current 
25 
40 
mA 
Each output clock 
C, 
Input capacitance 
10 
pF 
Except Xtal1 ,2 
CL 
Load capacitance 
20 
pF 


A2 
1 
16 AO 
AO 1 
16 A1 


XTAL2 2 
<0 
A1 
XTAL2 2 
<0 
15 A2 
9 
9 
XTAL1 3 
<0 
1XCLK 
XTAL1 3 
<0 
14 1XCLK 
u: 
u: 
vcc 
4 
() 
vcc 
vcc 
4 
() 
13 vcc 
...,. 
...,. 


<0 
<0 
GNO 5 
U 
12 GNO 
GNO 5 
U 
12 GNO 


16MHZ 
6 
a> 
11 14.3MHZ 
a> 
~ 
24MHZ 
6 
~ 
11 14.3MHZ 


8 MHZ 
7 
(f) 
10 A3 
128kHZ 
7 
(f) 
10 PDCPU 


AGNO 8 
9 
PO' 
AGNO 8 
9 
PO' 
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Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


T. 
Rise time 0.8 to 2.0V 
1 
2 
ns 
15pFIoad 
T5 
Fall time 0.8 to 2.0V 
1 
2 
ns 
15pFIoad 
T. 
Duty cycle 
40 
48/52 
60 
% 
15pFIoad 
TR 
Reference clock duty cycle 
40 
48/52 
55 
% 
T7 
Frequency transition time 
20 
ms 
From 2-20MHz 
Tp 
Power up time 
15 
ms 
From off to 50MHz 
TF 
Output frequency 
2 
50 
MHz 
T, 
Input frequency 
2 
14.318 
32 
MHz 
TIF 
Input clock rise/fall time 
20 
ns 
T7 
Jitter 
±175 
±300 
ps 
16-100MHz 
TJ1S 
Jitter, 1 sigma 
±0.8 
±2.5 
% 
All frequencies 
TJA 
Jitter, absolute 
2 
5 
% 
All frequencies 
T8 
Input frequency 
2 
14.318 
32 
MHz 
T9 
Input clock rise time 
20 
ns 
T,o 
Input clock fall time 
20 
ns 
TE 
Enable pulse width 
20 
ns 
Ts 
Clock skew berween 1XCLK 
0.5 
1.0 
ns 
and 2XCLK 


8 MHZ 
1 
16 
AO 
AO 
1 
16 
A1 


XTAL2 
2 
0 
15 
A1 
(0 
15 
A2 
•... 
•... 


XTAL1 
3 
cD 
14 
1XCLK 
cD 
14 
1XCLK 
•... 
•... 
LL 
LL 
(,) 
13 
VCC 
(,) 
13 
VCC 
v 
v 
L() 
L() 
0 


'12 
GND 
GND 
5 
0 
12 
GND 


0> 
11 
24 MHZ 
24 MHZ 
6 
0> 
11 
14.3 MHZ 
i! 
i! 


1.8MHZ 
7 
(/) 
10 
14.3 MHZ 
12 MHZ 
7 
(/) 
10 
PDCPU 


AGND 
8 
9 
PDCLK' 
AGND 
8 
9 
PDREF 
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Supply voltage 
Voltage 
at any pin 
Operating 
temperature 
Storage temperature 
Package 
dissipation 


7 Volts 
GND-0.3 
V to 
VCC+0.3 
V 
00 C to 
+700 C 
_400 C to +1500 
C 
500 mW 


V'L 
Input low level 
O.15VCC 
V 


V'H 
Input high level 
O.7VCC 
V 
VOL 
Output 
low level 
0.1 
V 
IOL= 8.0 mA 
VOH 
Output 
high level 
VCC-O.1 
V 
IOH= -4.0 mA 


I'L 
Input low current 
-5 
-5 
~ 
VIWO 
I'H 
Input high current 
-5 
5 
~ 
VIN=VcC 
Ice 
Operating 
current 
15 
mA 
No load. 


'56 
Stand by current 
15 
~ 
Power down. 


'sc 
Short circuit current 
15 
mA 
No load. 
C, 
Input capacitance 
10 
pF 
Except Xta11,2 
CL 
Load capacitance 
30 
pF 


AO 
1 
A1 
AO 1 
16 A1 


XTAL2 2 
<0 
2XCLK 
XTAL2 2 
0 
15 A2 
C)I 
<ljl 
XTAL1 3 
<0 
1XCLK 
XTAL1 3 
<0 
14 1XCLK 
u:: 
.•... 
u. 


VCC 
4 
() 
13 VCC 
() 
13 VCC 
v 
~ 
Lt'l 
GNO 5 
U 
12 GNO 
U 
12 GNO 


24MHZ 
6 
0) 
11 14.3MHZ 
0) 
14.3MHZ 
~ 
v 
11 
I- 


12MHZ 
7 
(J) 
10 A2 
128kHZ 
7 
(J) 
10 PDCPU 


AGNO 8 
9 
PO" 
AGNO 8 
9 
PO" 
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Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


T. 
Rise time 
4 
ns 
15pF load. 


Ts 
Fall time 
4 
ns 
15pF load. 


T6 
Duty cycle 
40 
48/52 
60 
% 
15pF load. 


TT 
Frequency transition time 
20 
ms 
From 2-20MHz 


Tp 
Power up time 
15 
ms 
From off to 50MHz 


TF 
Output frequency 
2 
50 
MHz 


Ta 
Input frequency 
2 
14.318 
32 
MHz 


T'F 
Input clock rise/fall time 
20 
ns 


T7 
Jitter 
±175 
±300 
ps 


TJ1S 
Jitter, 1 sigma 
±8.5 
±2 
% 
All frequencies 
TJA 
Jitter, absolute 
±3 
±5 
% 
All frequencies 
Tg 
Input clock rise time 
20 
ns 


T,o 
Input clock fall time 
20 
ns 


Te 
Enable pulse width 
20 
ns 
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AO-A3 


~ 


EXTERNAL 
CLOCK 


1.846 MHz 
8 MHz \ 
12 MHz 
16 MHz 
24 MHz 
32 MHz 
1XCLK 
I" 
2XCLK 


\------------------ 


__ 
II 
\~------ll 


-.i i..- T10 
T9 ~ 
~ 


14.318 MHz 
-.JI 
\'--.-------lJ 


T4 -.i ~ 
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~STARTECH 
ST49C155 


r GENERAL 
DESCRIPTION 
, 
. 
, 
, 
, .. 
,. 
, .. '. 


The ST49C155 
is a monolithic 
analog 
CMOS 
device 
designed 
to generate 
eight 
simultaneous 
clock 
out- 
puts for mother 
board applications. 
It is designed 
in a 
1.2~ process 
to achieve 
130 MHz operation 
with low 
clock jitter. 
The ST 49C 155 may be used to replace 
existing 
BUS 
and I/O clocks generated 
from individual 
oscillators 
so 
that 
board 
space 
and 
number 
of 
oscillators 
are 
reduced. 
The high speed analog CMOS 
phase locked 
loops 
use the 14.318 
MHz system 
clock 
or external 
crystal 
connected 
between 
XT AL 1 and XTAL2 
as the 
reference 
clock 
(reference 
clock 
can be changed 
to 
generate 
non-standard 
frequencies 
from the standard 
programmed 
device). 
The ST49C155 
is metal 
mask programmable 
to pro- 
vide 
any custom 
set of CPUCLK 
frequencies. 
The 
programmed 
clock 
outputs 
are selectable 
via 
four 
address 
lines for 1XCLK / 2XCLK 
outputs. 


20 
AO 


19 
A1 


18 
1XClK 
~N 
00 
00 
17 
2XClK 
NN 
u.u. 
~~ 
16 
AVec 
"'''' 
~~ 
15 
AGNO 
r-r- 
(/)(/) 
14 
ClK6 


13 
ClK5 


12 
PO" 


11 
A2 


DGNO 5 


ClK2 
6 


I FEATURES 
~ 
i 


• Can replace 
multiple 
oscillators/crystals 
ClK1 
20 
AO 


• Pin -to-pin 
compatible 
to AV9155 
XTAL2 2 
19 
A1 
• Compatible 
with 286, 386, and 486 CPUs 
XTAl1 
3 
18 
A2 
• Supports 
Turbo 
modes 
('") 
N 
• Generates 
communications 
clock, 
keyboard 
OVCC 4 
0 
17 
1XClK 
N 
clock, 
floppy 
disk clock, 
system 
reference 
clock, 
u. 


DGNO 5 
~ 
16 
AVCC 
bus clock and CPU clock 
'" 
• Skew controlled 
2X and 1X clocks 
ClK2 
6 
~ 
15 
AGNO 


• Programmable 
analog 
phase locked 
loop 
ClK3 
7 
(/) 
14 
ClK6 


• High speed 
(up to 130 MHz output) 
ClK4 
8 
13 
ClK5 
• Low power single 
5V CMOS 
technology 
.20 
pin dip or SOIC 
package 
AGNO 9 
12 
PO" 


OE 
10 
11 
A3 


I ORDERING 
INFORMATION 
~ 
i 


Part number 
Package 
Operating 
temperature 
ST 49C 155CP20-xx 
Plastic-DIP 
0° 
C to 
+700 
C 
ST 49C 155CF20-xx 
SOIC 
0° 
C to 
+700 
C 
ST49C155CJ20-xx 
PLCC 
0° 
C to 
+70° 
C 


ST49C155 


XTAL1 


XTAL2 


AO-A3±-- 
~-------- 


VOLTAGE 
CONTROLED 
OSCILLATOR 


ST49C155 


Symbol 
Pin 
Signal Type 
Pin Description 


,-, 
I 


ClK1 
1 
0 
1.8432 MHz clock output. 


XTAL2 
2 
0 
Crystal output. 


XTAl1 
3 
I 
Crystal or External clock input. 


OVCC 
4 
I 
Oigital supply voltage. Single +5 volts. 


OGNO 
5 
0 
Oigital signal ground. 


ClK2 
6 
0 
16 MHz (ST49C155-01 ) or32 MHz (ST49C155-02) 
clock 
output. 


ClK3 
7 
0 
24 MHz floppy disk clock output. 


ClK4 
8 
0 
12 MHz keyboard clock output. 


AGNO 
9 
0 
Analog ground. 


OE 
10* 
0 
Output Enable (active high). low on this pin sets all the 
outputs to three state mode. 


A2 
11 
I 
CPU clock frequency select address 2. 


PO* 
12* 
I 
Power down ( active low). 
Shuts off entire chip when low. 


ClK5 
13 
0 
14.318 MHz reference clock output. 


ClK6 
14 
0 
14.318 MHz reference clock output. 


AGNO 
15 
0 
Analog ground. 


AVCC 
16 
I 
Analog supply voltage. Single +5 volts. 


2XClK 
17 
I 
2X CPU clock output. 


1XClK 
18 
I 
1X CPU clock output. 


A1 
19 
I 
CPU clock frequency select address 1. 


AO 
20 
I 
CPU clock frequency select address O. 


•.....••.•...•., 
•••.....•.•....••...•.. ' 
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I 


" 
Pin Description 
Symbol 
Pin 
Signal Type 


ClK1 
1 
0 
6 MHz clock output. 


XTAL2 
2 
0 
Crystal output. 


XTAl1 
3 
I 
Crystal or External clock input. 


DVCC 
4 
I 
Digital supply voltage. Single +5 volts. 


DGND 
5 
0 
Digital signal ground. 


ClK2 
6 
0 
24 MHz floppy disk clock output. 


ClK3 
7 
0 
16 MHz bus clock output. 


CLK4 
8 
0 
8 MHz keyboard clock output. 


AGND 
9 
0 
Analog ground. 


OE 
10* 
0 
Output Enable (active high). Low on this pin sets all the 
outputs to three state mode. 


A3 
11 
I 
CPU clock frequency select address 3. 


PD* 
12* 
I 
Power down ( active low). 
Shuts off entire chip when low. 


ClK5 
13 
0 
14.318 MHz reference clock output. 


ClK6 
14 
0 
14.318 MHz reference clock output. 


AGND 
15 
0 
Analog signal ground. 


AVCC 
16 
I 
Analog supply voltage. Single +5 volts. 


1XClK 
17 
I 
CPU clock output. 


A2 
18 
I 
CPU clock frequency select address 2. 


A1 
19 
I 
CPU clock frequency select address 1. 


AO 
20 
I 
CPU clock frequency select address O. 
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CPUCLOCK TABLE FORST49C155-01,-02(using 
14.318 MHz input. All frequencies in MHz). 


A2A1 AO 
2XCLK 
1XCL.K 


a a a 
8 
4 
0 a 
1 
16 
8 
a 
1 a 
32 
16 
a 
1 
1 
40 
20 
1 a a 
50 
25 
1 a 
1 
66.66 
33.33 
1 
1 a 
80 
40 
1 
1 
1 
100 
50 


CPU CLOCK TABLE 
FOR ST49C155-03(using 
14.318 MHz input. All frequencies in MHz). 


A3A2A1 AO 
1XCLK 


a a a a 
16 
a a a 
1 
40 
a a 
1 a 
50 
a a 
1 
1 
80 
a 
1 a a 
66.66 
a 
1 a 
1 
100 
a 
1 
1 a 
8 
a 
1 
1 
1 
4 
1 a a a 
8 
1 a a 
1 
20 
1 a 
1 a 
25 
1 a 
1 
1 
40 
1 
1 a a 
33.33 
1 
1 a 
1 
50 
1 
1 
1 a 
4 
1 
1 
1 
1 
2 


CPU CLOCK TABLE 
FOR ST49C155-23(using 
14.318 MHz input. All frequencies in MHz). 


A2A1 AO 
2XCLK 
1XCLK 


a a a 
75 
37.5 
a a 
1 
32 
16 
a 
1 a 
60 
30 
a 
1 
1 
40 
20 
1 a a 
50 
25 
1 a 
1 
66.66 
33.33 
1 
1 a 
80 
40 
1 
1 
1 
52 
26 


PERIPHERAL 
CLOCK 
TABLE 
CHART 
FOR 
ST49C155-01 (MHz) 


CLK1 
CLK2 
CLK3 
CLK4 


1.8432 
16 
24 
12 


PERIPHERAL 
CLOCK 
TABLE 
CHART 
FOR 
ST49C155-02 (MHz) 


CLK1 
CLK2 
CLK3 
CLK4 


1.8432 
32 
24 
12 


PERIPHERAL 
CLOCK 
TABLE 
CHART 
FOR 
ST49C155-03 (MHz) 


, 


CLK1 
CL.K2 
CL.K3 > 
CL.K4 


6 
24 
16 
8 


ST49C155 


PERIPHERAL 
CLOCK 
TABLE 
CHART 
FOR 
ST49C155-23 (MHz) 


CLK1 
CLK2 
CLK3 
CLK4 


1.843 
16 
24 
12 


CPU CLOCK TABLE FOR ST49C155-01, -02 (using 
14.318 MHz input. All frequencies 
in MHz). 


A2A1 AO 
2XCLK 
1XCLK 


0 
0 
0 
7.5 
3.75 
0 
0 
1 
15.51 
7.76 
0 
1 
0 
32.22 
16.11 
0 
1 
1 
40.09 
20.05 
1 
0 
0 
50.11 
25.06 
1 
0 
1 
66.82 
33.41 
1 
1 
0 
80.18 
40.09 
1 
1 
1 
100.23 
50.11 


CPU CLOCK 
TABLE 
FOR ST49C155-03(using 
14.318 MHz input. All frequencies 
in MHz). 


A3A2A1 
AO 
1XCLK 


0 
0 
0 
0 
15.51 
0 
0 
0 
1 
40.09 
0 
0 
1 
0 
50.11 
0 
0 
1 
1 
80.18 
0 
1 
0 
0 
66.82 
0 
1 
0 
1 
100.23 
0 
1 
1 
0 
7.58 
0 
1 
1 
1 
4.30 
1 
0 
0 
0 
7.76 
1 
0 
0 
1 
20.05 
1 
0 
1 
0 
25.06 
1 
0 
1 
1 
40.09 
1 
1 
0 
0 
33.41 
1 
1 
0 
1 
50.11 
1 
1 
1 
0 
3.79 
1 
1 
1 
1 
2.15 


CPU CLOCK 
TABLE 
FOR ST49C155-23(using 
14.318 MHz input. All frequencies 
in MHz). 


A2A1 AO 
2XCLK 
1XCLK 


0 
0 
0 
75.170 
37.585 
0 
0 
1 
31.940 
15.970 
0 
1 
0 
60.136 
30.068 
0 
1 
1 
40.090 
20.045 
1 
0 
0 
50.113 
25.057 
1 
0 
1 
66.476 
33.238 
1 
1 
0 
80.181 
40.091 
1 
1 
1 
51.903 
25.952 


PERIPHERAL 
CLOCK 
TABLE 
CHART 
FOR 
ST49C155-01 (MHz) 


CLK1 
CLK2 
CLK3 
CLK4 


1.8432 
16 
23.71 
11.86 


PERIPHERAL 
CLOCK 
TABLE 
CHART 
FOR 
ST49C155-02 (MHz) 


CLK1 
CLK2 
CLK3 
CLK4 


1.8432 
32.01 
24 
12 


PERIPHERAL 
CLOCK 
TABLE 
CHART 
FOR 
ST49C155-03 (MHz) 


CLK1 
CLK2 
CLK3 
CLK4 


6 
24 
16 
8 
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Supply voltage 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 


7 Volts II 
GND-0.3 V to VCC+0.3 V 
O· C to +70· C 
_40· C to +150· C 
500 mW 


Symbol 
Limits 
·····ConditiQhs 
Min 
Typ 
Max 


V'L 
Input low level 
0.8 
V 


V'H 
Input high level 
2.0 
V 
VOL 
Output low level 
0.4 
V 
IOL= 8.0 mA 
VOH 
Output high level 
2.4 
V 
IOH= 8.0 mA 
I'L 
Input low current 
-1 
mA 
Except pins 2, 10, 
12 


I'H 
Input high current 
1 
mA 
VIN=VcC 
lee 
Operating current 
20 
30 
mA 
No load. 


R'N 
Internal pull-up resistance 
680 
KQ 
Pins 10,12 


PERIPHERAL 
CLOCK 
TABLE 
CHART 
FOR 
ST49C155-23 (MHz) 


CLK1 
CLK2 
CLK3 
CLK4 


1.843 
16 
24 
12 


The ST49C155 is designed to provide smooth, glitch- 
free frequency transitions on the 1XCLK and 2XCLK 
clocks when the frequency select pins are changed. 
These frequency transitions are less than 0.1% fre- 
quency change per clock period. 
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Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max, 


T. 
Rise time 
1 
1.5 
ns 
0.8V - 2.0V 
Ts 
Fall time 
1 
1.5 
ns 
2.0V - 0.8V 
Ts 
Duty cycle 
40 
48/52 
60 
% 
1.4V switch 
point 
Ts 
Duty cycle 
40 
48/52 
55 
% 
Vccl2 
switch 
point 


T7 
Jitter 
±175 
±300 
ps 
Ts 
Input frequency 
14.318 
MHz 
T. 
Input clock 
rise time 
20 
ns 
T,o 
Input clock fall time 
20 
ns 


AO-A3 


~ 


EXTERNAL 
CLOCK 


ClK1 
ClK2 \ 
ClK3 
ClK4 
1XClK 
2XClK 
I~ 


ClK5 
ClK6 


\~----- 


\~ 
__ 
...J! 
__ 
I 


~----,I 


~~T4 
.I~ 


\,------------,k/' 


~ 
~T7 


\~---'I 


~ 
~T5 
T4-.i ~ 
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~STARTECH 
ST49C158 


SOIC Package 


24 
AD 


23 
A1 


22 
CPU1 


'<t 
2XCPU 


N 
u.. 
DVCC 
0 
co 
DGND 
L() 
[) 
18 
BClK 
Ol 
i'! 
17 
CPU4 
en 
16 AVCC 


15 A2 


14 
CPU6 


13 CPU7 


I GENERAL 
DESCRIPTION 
i 
, 
, 
,'".,'.,', 
-., ,'. 


The ST49C158 is a monolithic analog CMOS device 
designed to generate eight simultaneous clock out- 
puts for mother board and green PC applications. It is 
designed in a 1.2l! process to achieve 100 MHz 
operation with low clock jitter. The CPU and 2XCPU 
outputs are skew controlled within 250 psec. 
The ST49C158 is designed for desktop and notebook 
PC's and supports Energy Star PC's. The ST49C158 
can accept 14.318 MHz system clock 
or external 
crystal connected between XTAL1 and XTAL2 as the 
reference clock (reference clock can be changed to 
generate non-standard frequencies from the standard 
programmed device). 
The ST49C158 is metal mask programmable to pro- 
vide any custom set of 2XCPU frequencies. The 
programmed clock outputs are selectable via three 
address lines for CPU clocks. 


XTAl2 
2 


XTAl1 
3 


DIP Package 


r FEATURES 
n 
, 
' 
, .... 
' 
'., 
. 
CPU2 
AO 


• Can replace multiple oscillators/crystals 
XTAl2 
2 
23 
A1 


• Pin -to-pin compatible to ICS9158 
• Compatible with 286, 386, and 486 CPUs 
XTAl1 
3 
22 
CPU1 


• Skew controlled 2X and 1X CPU clocks 
DVCC 
4 
'<t 
21 
2XCPU 


• Programmable analog phase locked loop 
C\I 
a.. 


• High speed (up to 100 MHz output) 
DGND 
5 
0 
20 
DVCC 
to 
• Low power single 5V CMOS technology 
ClK1 
6 
L() 
19 
DGND 
.•.. 
• Smooth and glitch-free clock transitions 
0 
.24 
pin PDIP or SOIC package 
ClK2 
7 
0> 
18 
BClK 
'<tf- 


CPU3 
8 
(J) 
17 
CPU4 


AGND 
9 
16 
AVCC 


OE 
10 
15 
A2 


r ORDERING 
INFORMATION 


....~ 


CPU5 
11 
14 
CPU6 


, 
., 
... 
_._--- 
,., 
"". 
,. 
, 
" 
"'" 
." 
, .. 
DGND 
12 
13 
CPU7 


Part number 
Package 
Operating 
temperature 
ST49C158CP24 
Plastic-DIP 
00 C to +700 C 


ST49C158CF24 
SOIC 
00 C to +700 C 


ST49C158 


XTALl 
__ 


XTAL2 
_ 


AO-A2±~-l 
~' 


VOLTAGE 
CONTROLED 
OSCILLATOR 


VOLTAGE 


CONTROLED 
OSCILLATOR 
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Symbol 
Pin 
SignaFType 


" 
··PinDescription 


.", 
":. 
. 


CPU2 
1 
0 
CPU clock output. 


XTAL2 
2 
0 
Crystal output. 


XTAL1 
3 
I 
Crystal or External clock input. 


DVCC 
4 
I 
Digital supply voltage. Single +5 volts. 


DGND 
5 
0 
Digital signal ground. 


CLK1 
6 
0 
16 MHz clock output. 


CLK2 
7 
0 
24 MHz floppy disk clock output. 


CPU3 
8 
0 
CPU clock output. 


AGND 
9 
0 
Analog ground. 


OE 
10* 
0 
Output Enable (active high). Low on this pin sets all the 
outputs to three state mode. 


CPU5 
11 
0 
CPU clock output. 


DGND 
12 
0 
Digital signal ground. 


CPU7 
13 
0 
CPU clock output. 


CPU6 
14 
0 
CPU clock output. 


A2 
15* 
I 
1X and 2X CPU clock frequency select address 2. 


AVCC 
16 
I 
Analog supply voltage. Single +5 volts. 


CPU4 
17 
0 
CPU clock output. 


BCLK 
18 
0 
Buffered 14.31818 MHz clock output. 


DGND 
19 
0 
Digital signal ground. 


DVCC 
20 
I 
Digital supply voltage. Single +5 volts. 


ST49C158 


Symbol 
Pin 
Signal Type 
Pin Description 


2XCPU 
21 
I 
CPU clock output. 


CPU1 
22 
I 
CPU clock output. 


A1 
23* 
I 
1X and 2X CPU clock frequency select address 1. 


AO 
24* 
I 
CPU clock frequency select address O. 


PERIPHERAL 
CLOCK 
TABLE 
CHART 
FOR 
ST49C158 (MHz) 
CPU CLOCK TABLE FOR ST49C158 (using 14.318 
MHz input. All frequencies 
in MHz). 


A2A1AO 
2XCPU 
CPU 


0 
0 
0 
7.58 
3.79 
0 
0 
1 
15.51 
7.76 
0 
1 
0 
59.87 
29.93 
0 
1 
1 
40.09 
20.05 
1 
0 
0 
50.11 
25.06 
1 
0 
1 
66.47 
33.24 
1 
1 
0 
79.77 
39.89 
1 
1 
1 
100.23 
50.11 


The ST49C158 is designed to provide smooth, glitch- 
free frequency transitions on the CPU and 2XCPU 
clocks when the frequency select pins are changed. 
These frequency transitions are less than 0.1 % fre- 
quency change per clock period. 


ST49C158 


Supply voltage 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 


7 Volts 
I 
GND-0.3 V to VCC+0.3 V 
0 


0 C to +70 


0 C 
-400 C to +1500 C 
500 mW 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


V,L 
Input low level 
0.8 
V 
V,H 
Input high level 
2.0 
V 
VOL 
Output low level 
0.4 
V 
IOL= 8.0 mA 
VOH 
Output high level 
2.4 
V 
IOH= -8.0 mA 
I'L 
Input low current 
-40 
J.!A 
Except pins 2, 10 


I'H 
Input high current 
40 
J.!A 
VIN = Vcc 


Ice 
Operating current 
70 
mA 
No load. 


R'N 
Internal pull-up resistance 
680 
k.Q 
Pin 10 


ST49C158 


Symbol 
.Parameter 
Limits 
Units 
Conditions 


".> 
Min 
Typ 
Max 


T. 
Output rise time 
2.5 
3 
ns 
0.8V·2.0V 
T5 
Output fall time 
2.5 
3 
ns 
2.0V·0.8V 
Ts 
Duty cycle 
40 
48/52 
60 
% 
1.4V switch point 
Ts 
Duty cycle 
40 
48/52 
55 
% 
Vccl2 switch point 


T7 
Jitter, one sigma 
±85 
±100 
ps 
T7 
Jitter, absolute 
500 
ps 
Ts 
Input frequency 
7 
14.318 
20 
MHz 
Tg 
Input clock rise time 
20 
ns 
T,o 
Input clock fall time 
20 
ns 
I 


ST49C158 


AO-A2 


~ 


EXTERNAL 
CLOCK 


16 MHz 
24 MHz \ 
CPUx 
2XCPU 


I~ 


__ 
I 


\~---- 


\~_/ 


~ 
~T10 


~~! 


-.i ~T4.I~ 


__ I 


\ __ 
jv 


~ 
~T.5 
~ 
~T7 


.1 


\__ 
1 


~ 
~T5 
T4~ 
~ 


·····.·····.·.1.·····.·······.·············· 


ST49C158 


~STARTECH 
ST49C214 


r GENERAL 
DESCRIPTION 
, 
,. 


The ST49C214 is a monolithic analog CMOS device 
designed to generate dual frequency outputs from 
sixteen possible combinations for video Dot clock 
frequencies and four memory clock frequencies for 
high 
performance 
video 
display 
systems. 
The 
ST49C214 is a mask option programmable device to 
provide different output frequencies for custom appli- 
cations. It is designed with 1.2 process to achieve 130 
MHz speed for high end frequencies. 
The ST49C214 is designed to replace existing video 
clocks generated from individual oscillators, to reduce 
board space and number of oscillators. 
To provide 
high speed and lowjitter clock, The ST49C214 utilizes 
high speed analog CMOS phase locked loop using 
14.318 MHz system clock as reference clock (refer- 
ence clock can be changed to generate optional 
frequencies from standard programmed device) or 
external 
crystal 
connected 
between XTAL 1 and 
XTAL2. 
The ST49C214 can provide optional clock frequen- 
cies, utilizing single layer metal mask option. 
The 
programmed clock outputs are selectable via 
four 
address lines and address latch enable pin for video 
Dot clock selection and two address lines for memory 
clock selection. 


XTAL1 
1 


XTAL2 
2 


20 
DVCC 


19 
DCLK 


18 
BCLK 
0N 
17 
DGND 
u. 
(jv 
16 
AGND 
N 
(j 
15 
Avec 
0>I! 
14 
AGND 
C/) 


13 
DVCC 


12 
MCLK 


11 
MA1 


MAO 
9 


DGND 
10 


Plastic-DIP 
Package 


XTAL1 
1 
20 
DVCC 


XTAL2 
2 
19 
DCLK 


EXCLKlA4 
3 
18 
BCLK 
0 


AO 
4 
N 
17 
DGND 
c.. 
(j 
A1 
5 
v 
16 
AGND 
N 
LEN 
6 
(j 
15 
AVec 
0> 


A2 
7- 
v 
AGND 
I- 
14 
C/) 


A3 
8 
13 
DVCC 


MAO 
9 
12 
MCLK 


DGND 
10 
11 
MA1 


r FEATURES 


I 


• Can replace multiple oscillators/crystals 
• Pin -to-pin compatible to ICS2494, AV9194 
• Programmable analog phase locked loop 
• High speed (up to 130 MHz output) 
• Low power single 5V CMOS technology 
.20 
pin dip or SOIC package 


r ORDERING 
INFORMATION 


I 


Part number 
Package 
Operatingtemperature 
ST49C214CP20-xx 
Plastic-DIP 
0° C to +70° C 
ST49C214CF20-xx 
SOIC 
0° C to +70° C 
ST49C214CJ20-xx 
PLCC 
0° C to +70 
0 
C 
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ST49C214 


XTALl 
__ 


XTAL2 
__ 


VOLTAGE 
CONTROLED 
OSCILLATOR 


VOLTAGE 
CONTROLED 
OSCILLATOR 


ST49C214 


Symbol 
Pin 
Signal Type 
Pin Description 


XTAL1 
1 
I 
Crystal or external clock input. A crystal can be connected 
to this pin and XTAL2 pin to generate internal phase locked 
loop reference clock. For external 
14.318 MHz clock, 


XTAL2 is left open or used as buffered clock output. 


XTAL2 
2 
0 
Crystal output. 


EXCLK 
3* 
I 
External clock input. 


AO 
4* 
I 
Dot clock Frequency select address 1. 


A1 
5* 
I 
Dot clock Frequency select address 2. 


LEN 
6* 
I 
Address latch enable input (active high). To latch selected 
programmed clock output. 


A2 
7* 
I 
Dot clock Frequency select address 3. 


A3 
8* 
I 
Dot clock Frequency select address 4. 


MAO 
9* 
I 
Memory clock Frequency select address 1. 


GND 
10 
0 
Digital and Analog ground. 


MA1 
11* 
I 
Memory clock Frequency select address 2. 


MCLK 
12 
0 
Programmed memory clock output frequency. 


DVCC 
13 
I 
Digital supply voltage. Single +5 volts. 


GND 
14 
0 
Digital and Analog ground. 


AVCC 
15 
I 
Analog supply voltage. Single +5 volts. 


GND 
16 
0 
Digital and Analog ground. 


GND 
17 
0 
Digital and Analog ground. 


BCLK 
18* 
0 
Buffered crystal clock output frequency. 


DCLK 
19 
0 
Programmed video clock output frequency. 


DVCC 
20 
I 
Digital supply voltage. Single +5 volts. 


I· ••••••••••••••• 
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ST49C214 


The ST49C214 contains an analog phase locked loop 
circuit with 
a digital closed loop divider and a final 
series divider to achieve desired dividing ratios for 
clock output. 
The accuracy of the frequencies produced by the 
ST49C214 depends on the input frequency and final 
output frequency. The formula for calculating the 
exact output frequency is as follows: 


where 
A=1,2,3, 
127, 
8=1,2,3, 
127, AND 
C=1,2,4 


For proper output frequency, the ST49C214 can ac- 
cept reference frequency from 5 - 40 MHz and divider 
ratio up to 15. 


The following mask option are provided for custom 
applications. 


ST49C214 


Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 


7 Volts 
GND-0.3 V to VCC+0.3 V 
O· C to +70· C 
_40· C to +150· C 
500 mW 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


V,L 
Input low level 
0.8 
V 
V,H 
Input high level 
2.0 
V 
VOL 
Output low level 
0.4 
V 
IOL= 8.0 mA 
VOH 
Output high level 
2.4 
V 
IOH= 8.0 mA 
I'L 
Input low current 
-350 
A 
Except crystal 
input 


I'H 
Input high current 
1 
A 
VIN=VcC 


Ice 
Operating current 
20 
30 
mA 
No load. 
DCLK=80MHz, 
MCLK=40MHz 


R'N 
Internal pull-up resistance 
15 
20 
25 
K 


T, 
Enable pulse width 
20 
ns 
T2 
Setup time data to enable 
20 
ns 
T3 
Hold time to data enable 
10 
ns 
T. 
Rise time 
1 
1.5 
ns 
0.8V - 2.0V 
Ts 
Fall time 
1 
1.5 
ns 
2.0V - 0.8V 
Ts 
Duty cycle 
40 
48/52 
60 
% 
1.4V switch point 
Ts 
Duty cycle 
45 
48/52 
55 
% 
Vccl2 switch point 


T7 
Jitter 
±8175 
±300 
ps 
Ts 
Input frequency 
14.318 
32 
MHz 
Tg 
Input clock rise time 
20 
ns 
T,o 
Input clock fall time 
20 
ns 
T'1 
Output frequency change 
0.005 
% 


ST49C214 


AO-A3 
MAO-MA1 


MCLK 
DCLK 


_I 


T2~ 


~ 
__ 
I 


\_----- 
\~----- 
\__ 
1 
\~_I. 


__ I 
\_~! 
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ST49C21A 


ST49C214-1 
ST49C214-2 
ST49C214-3 
ST49C214-4 
ST49C214-5 
Video clock 
address 
Frequency 
Frequency 
Frequency 
Frequency 
Frequency 
(Hex) 
(MHz) 
(MHz) 
(MHz) 
(MHz) 
(MHz) 


0 
XTAL 
30.000 
25.175 
20.000 
50.350 
1 
65.028 
77.250 
28.325 
24.000 
56.644 
2 
EXCLK 
EXCLK 
85.000 
32.000 
65.000 
3 
36.000 
80.000 
44.900 
40.000 
72.000 
4 
25.175 
31.500 
40.000 
50.000 
80.000 
5 
28.322 
36.000 
48.000 
66.667 
89.800 
6 
24.000 
75.000 
50.000 
80.000 
63.000 
7 
40.000 
50.000 
81.150 
100.000 
75.000 
8 
44.900 
40.000 
25.175 
54.000 
25.175 
9 
50.350 
50.000 
28.325 
70.000 
28.322 
A 
16.257 
32.000 
37.500 
90.000 
31.500 
B 
32.514 
44.900 
44.900 
110.000 
36.000 
C 
56.644 
25.175 
40.000 
25.000 
40.000 
D 
20.000 
28.322 
32.500 
33.333 
44.900 
E 
41.539 
65.000 
50.000 
40.000 
50.000 
F 
80.000 
36.000 
65.000 
50.000 
65.000 


Memory 
Frequency 
Frequency 
Frequency 
Frequency 
Frequency 
clock 
(MHz) 
(MHz) 
(MHz) 
(MHz) 
(MHz) 
address 


(Hex) 


0 
32.900 
36.000 
36.000 
16.000 
40.000 
1 
35.600 
44.347 
40.000 
24.000 
41.612 
2 
43.900 
37.500 
45.000 
50.000 
44.744 
3 
49.100 
44.773 
50.000 
66.667 
50.000 


Compatible with 
ICS-236 
AV-36 
Video Controller 
GD6410 


ICS-242 
AV-42 
WD90C30 


ICS-244 
AV-44 


ST49C214 


ST49C214-6 
ST49C214-8 
ST49C214-9 
ST49C214-tO 
ST49C214-16 


Video clock 
address 
Frequency 
Frequency 
Frequency 
Frequency 
Frequency 


(Hex) 
(MHz) 
(MHz) 
(MHz) 
(MHz) 
(MHz) 


0 
25.175 
25.175 
25.175 
30.250 
XTAL 


1 
28.322 
28.322 
28.322 
65.000 
16.257 


2 
40.000 
40.000 
40.000 
85.000 
EXCLK 


3 
65.000 
32.500 
EXCLK 
36.000 
32.514 


4 
44.900 
50.000 
50.000 
25.175 
25.175 


5 
50.000 
65.000 
77.000 
28.322 
28.322 


6 
130.000 
38.000 
36.000 
34.000 
24.000 


7 
75.000 
44.900 
44.889 
40.000 
40.000 
8 
25.175 
31.500 
130.00 
44.900 
XTAL 


9 
28.322 
36.000 
120.00 
50.350 
16.257 


A 
EXCLK 
80.000 
80.000 
31.500 
EXCLK 


B 
EXCLK 
63.000 
31.500 
32.500 
36.000 


C 
60.000 
50.000 
110.00 
63.000 
25.175 


D 
80.000 
100.000 
65.000 
72.000 
28.322 


E 
EXCLK 
76.000 
75.000 
75.000 
24.000 


F 
EXCLK 
110.000 
72.000 
80.000 
40.000 


Memory 
Frequency 
Frequency 
Frequency 
Frequency 
Frequency 


clock 
(MHz) 
(MHz) 
(MHz) 
(MHz) 
(MHz) 
address 
(Hex) 


0 
50.000 
70.000 
55.000 
36.000 
31.000 


1 
60.000 
63.830 
75.000 
44.000 
36.000 


2 
65.000 
60.000 
70.000 
49.000 
43.000 


3 
75.000 
81.000 
80.000 
40.000 
49.000 


ICS-256 
AV-56 
S3/86C911 


ST49C214-17 
ST49C214-18 
ST49C214-19 
ST49C214-20 
ST49C214-2S* 
Video clock 
address 
Frequency 
Frequency 
Frequency 
Frequency 
Frequency 
(Hex) 
(MHz) 
(MHz) 
(MHz) 
(MHz) 
(MHz) 


0 
25.175 
25.175 
25.175 
50.350 
25.175 
1 
28.322 
28.322 
28.322 
56.644 
28.322 
2 
28.636 
40.000 
40.000 
33.250 
40.000 
3 
36.000 
EXCLK 
EXCLK 
52.000 
72.000 
4 
40.000 
50.000 
50.000 
80.000 
50.000 
5 
42.954 
77.000 
77.000 
63.000 
77.000 
6 
44.900 
36.000 
36.000 
EXCLK 
36.000 
7 
57.272 
44.889 
44.889 
75.000 
44.900 
8 
60.000 
130.00 
130.00 
25.175 
130.00 
9 
63.960 
120.00 
120.00 
28.322 
120.00 
A 
75.000 
80.000 
80.000 
31.500 
80.000 
B 
80.000 
31.500 
31.500 
36.000 
31.500 
C 
85.000 
110.00 
110.00 
40.000 
110.00 
D 
99.000 
65.000 
65.000 
44.900 
65.000 
E 
102.00 
75.000 
75.000 
50.000 
75.000 
F 
108.00 
94.500 
94.500 
65.000 
94.500 


Memory 
Frequency 
Frequency 
Frequency 
Frequency 
Frequency 
clock 
(MHz) 
(MHz) 
(MHz) 
(MHz) 
(MHz) 
address 
(Hex) 


0 
64.000 
45.000 
55.000 
40.000 
55.000 
1 
40.830 
38.000 
75.000 
33.333 
65.000 
2 
48.000 
52.000 
70.000 
44.000 
70.000 
3 
60.000 
50.000 
80.000 
50.000 
80.000 


4 
45.000 
5 
40.000 
6 
60.000 
7 
50.000 


Compatible with 
ICS-240 
ICS-27S 
AV-07 
Video Controller 
TI/34010/20 
83/801/805 
WEITEK 
W5186 


ST49C214 


ST49C214-26··· 
< 
1·:< 
....• 
... 


ST49C214~27 
Video clock 
address 
Frequency 
Frequency 
(Hex) 
(MHz) 
(MHz) 


0 
25.175 
75.000 


1 
28.322 
80.000 


2 
36.000 
85.000 


3 
65.000 
90.000 


4 
44.900 
95.000 


5 
50.000 
100.00 


6 
80.000 
105.00 


7 
75.000 
110.00 


8 
56.644 
115.00 


9 
63.000 
120.00 


A 
72.000 
125.00 


8 
130.00 
130.00 


C 
90.000 
135.00 


D 
100.00 
140.00 


E 
110.00 
145.00 


F 
120.00 
150.00 


Memory 
Frequency 
Frequency 
clock 
(MHz) 
(MHz) 
address 
(Hex) 


0 
50.000 
40.000 


1 
60.000 
45.000 


2 
65.000 
50.000 


3 
75.000 
55.000 


4 
60.000 


5 
65.000 


6 
70.000 


7 
75.000 


Compatible with 
ICS-277 
AV-46 


Video Controller NCR77C22E+ 


*= The External clock input pin has been changed to MA2 to privide four additional preprogrammed memory clock 
selections. When Pin-3 of the ST49C214-25 is connected to ground it is downward compatible to standard 
ST49C214-XX. This pin contains internal pull-up resistor. 
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AO-A3 
MAO-MA1 


MCLK 
DCLK 


-Y 


T2~ 


~ 
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f DESCRIPTION 
, 


The ST49C418 is a mask programmable monolithic 
analog CMOS device, designed to replace existing 
dual crystals/oscillators with single frequency clock 
input. The ST49C418 provides high speed and low 
jitter clock outputs for multi-media stereo codecs. 
The ST49C418 
interfaces 
to Analog 
Devices's 
AD1848 and Crystal Semiconductor's CS4231 stereo 
codecs. The ST49C418 provides 16.934 and 24.576 
MHz clock outputs utilizing the 14.318 MHz clock 
input. 
ST49C418 is designed in a 1.2J.!process to achieve 
150 MHz speed for high end frequencies. 


REFClK 
1 
co 
8 
GND 
u. 


2 
() 
7 
vcc 
vcc 
co 
:;;: 
GND 
3 
~ 
6 
GND 
I- 


ClKA 
4 
(/) 
5 
ClKS 


f FEATURES 


i 
• Programmable analog phase locked loop 
• Low power single 5V CMOS technology 
• 8 pin DIP or SOIC package 
• Programmable input/output frequencies 
• TTL compatible outputs 
• No extemal components besides de-coupling ca- 
pacitors 
REFCLK 
1 
~ 
8 
GND 


vcc 
2 
16 
7 
vcc 


GND 
3 
~ 
6 
GND 
I- 


ClKA 
4 
(/) 
5 
ClKB 


f ORDERING 
INFORMATION 
, 


Part number 
ST49C418CP8 
ST49C418CF8 


Package 
Operating temperature 
Plastic-DIP 
0 0 C to +700 C 
SOIC 
0 
0 C to +70 
0 C 
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ST49C418 


VOLTAGE 
CONTROLED 
OSCILLATOR 


VOLTAGE 
CONTROLED 
OSCILLATOR 


OVTPUT BUFFER 
~ 
CLKA 


OUTPUT BUFFER 
~ 
CLKB 


ST49C418 


Symbol 
Pin 
Signal Type 
Pin Description 


REFClK 
1 
I 
External Reference Clock input. REFClK is used as inter- 
nal phase locked loop reference clock. 


VCC 
2 
I 
Supply voltage. Single +5 volts. 


GND 
3 
0 
Supply ground. 


ClKA 
4 
0 
Programmable output clock. Programmed for 16.9344 MHz 
output. 


ClKB 
5 
0 
Programmable output clock. Programmed for 24.576 MHz 
output. 


GND 
6 
0 
Supply ground. 


VCC 
7 
I 
Supply voltage. Single +5 volts. 


GND 
8 
0 
Supply ground. 


EXTERNAL CLOCK CONNECTION 
To minimize the noise pickup, it is recommended 
to connect 0.01 to 0.0471JFcapacitor to REFClK, 
and keep the lead length of the capacitor to 
REFClK to a minimum to reduce noise susceptibil- 
ity. 


A=5, 6, 7, 
128 
B=5, 6, 7, 
128 
C=2 


For proper output frequency, the ST49C418 can ac- 
cept a reference frequency from 5 - 40 MHz and 
divider ratio up to 15. 
The ST49C418 contains an analog phase locked loop 
circuit with digital closed loop dividers and 
a final 
output dividerto achieve the desired dividing ratios for 
the clock output. 
The accuracy of the frequencies produced by the 
ST49C418 depends on the input frequency and di- 
vider ratios. The formula for calculating the exact 
output frequency is as follows: 


1···············1·.····..··..··.··..·..··. 


ST49C418 


Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 


7 Volts 
GND-0.3 V to VCC+0.3 V 
00 C to +700 C 
_400 C to +1500 C 
500 mW 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


V'L 
Input low level 
0.8 
V 


V'H 
Input high level 
2.0 
V 
VOL 
Output low level 
0.5 
V 
IOL= 25 mA 


VOH 
Output high level 
2.8 
V 
IOH= 25 mA 


I'H 
Input high current 
1 
;iA 


Ice 
Operating current 
20 
25 
mA 
No load. 


Symbol 
Parameter 
Limits 
Units 
Conditions 


... 
.. 
Min 
Typ 
Max 
•• 


T, 
CLOCK rise time 
1 
1.5 
ns 
0.5V - 2.8V 
T2 
CLOCK fall time 
1 
1.5 
ns 
2.8V - 0.5V 


T. 
Duty cycle 
40 
48/52 
60 
% 
1.4V switch point 


To 
Duty cycle 
45 
48/52 
55 
% 
VCC/2 switch point 


T3 
Jitter 
±175 
±300 
ps 


T 
Input frequency 
5 
10 
40 
MHz 


T6 
CLOCK frequency change 
0.01 
% 


ST49C418 


CLOCK 
\ 
~A 
\__ 
l" 


Index 


ST26C31 
2-3 
ST26C32 
2-9 
ST31 C32 
2-37 
ST34C50 
2-15 
ST34C51 
2-15 
ST34C86 
2-25 
ST34C87 
2-31 


~STARTECH 


r DESCRIPTION 
, 


The ST26C31 is a CMOS quad differential line driver 
designed to meet the standard RS-422 requirements 
and digital data transmission over balanced lines. To 
improve noise margin 
and output stability for slow 
changing input signals special hysteresis is built in the 
ST26C31 circuit. 
The ST26C31 is a high speed CMOS line driver 
designed to operate with MFM I RLL controllers and 
hard disk drives as well as RS-422 
digital data 
transmission applications. ST26C31 issuitable for low 
power 5V operation with high input voltage protection 
devices. 


r FEATURES 
, 


• Pin-to-pin compatible with National DS26C31C 
• Low power CMOS design 
• Three-state outputs with enable pin 
• Meets the EIA RS-422 requirements 
• Low propagation delays 
• High speed 


r ORDERING 
INFORMATION 
, 


Part number 
ST26C31CP16 
ST26C31CF16 
ST26C311P16 
ST26C311F16 


Package 
Plastic-DIP 
SOIC 
Plastic-DIP 
SOIC 


Operating 
temperature 
O· C to + 70· C 
O· C to 
+ 70· C 
-40· C to + 85· C 
_40· C to + 85· C 


ST26C31 


16 
VCC 


15 
INPUTD 


<0 
u:: 
14 
OUTPlJTD+ 
U 
13 
OlJTPlJT 
D- 
~U 
12 
ENABLE· 
<0 
~ 
11 
OUTPlJTC- 
(I) 


10 
OUTPlJTC+ 


9 
INPUTC 


Plastic-DIP 
package 


INPUTA 
1 
16 
VCC 


15 
INPlJT 
D 


<0 
.•... 
14 
OUTPlJTD+ 
a. 
U 
13 
OUTPlJTD- 
~ 
OUTPlJT 
B- 
5 
U 
12 
ENABLE· 
<0 


OUTPUTB+ 
6 
~ 
11 
OUTPUTC- 
(I) 


INPUTB 
7 
10 
OUTPUTC+ 


GND 
8 
9 
INPUTC 


I·.···.·...·.·•·.·.·.·.·.············ 


ST26C31 


OUTPUT A- 


ENABLE 


ENABLE* 


OUTPUTC- 


ST26C31 


Symbol 
Pin 
Signal 
Type 
Pin Description 


INPUT A 
1 
I 
Driver A input pin. 


OUTPUT A+ 
2 
0 
Driver A differential 
non-inverting output pin. 


OUTPUT A- 
3 
0 
Driver A differential 
inverting output pin. 


ENABLE 
4 
I 
Gate control (active high). This pin is one of the two control 
pins which enables or disables all four drivers. All four 
drivers are gated with two input or gate. 


OUTPUT B- 
5 
0 
Driver B differential 
inverting output pin. 


OUTPUT B+ 
6 
0 
Driver B differential non-inverting output pin. 


INPUT B 
7 
I 
Driver B input pin. 


GND 
8 
0 
Signal and power ground. 


INPUT C 
9 
I 
Driver C input pin. 


OUTPUT C+ 
10 
0 
Driver C differential non-inverting output pin. 


OUTPUTC- 
11 
0 
Driver C differential inverting output pin. 


ENABLE* 
12 
I 
Gate control (active low). See ENABLE pin description. 


OUTPUT D- 
13 
0 
Driver D differential inverting output pin. 


OUTPUT D+ 
14 
0 
Driver D differential non-inverting output pin. 


INPUT D 
15 
I 
Driver D input pin. 


VCC 
16 
I 
Power supply pin. 


1.··.··..··...1•••••• 
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ST26C31 


Enable 
Enable" 
Input 
Differential 
Differential 
Non-tnverting 
Inverting 


Output 
Output 


L 
H 
X 
Z 
Z 
L 
L 
L 
L 
H 
L 
L 
H 
H 
L 
H 
L 
L 
L 
H 
H 
L 
H 
H 
L 
H 
H 
L 
L 
H 
H 
H 
H 
H 
L 


X=Don't care 
Z=Three state (high impedance) 


~1 


511 ~3 


51111 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


T, 
Propagation delay, input to output 
8 
10 
ns 
S1 open 
Tz 
Differential output rise and fall time 
8 
10 
ns 
S1 open 
T3 
Output enable time 
18 
20 
ns 
S1 close 
T4 
Output disable time 
18 
20 
ns 
S1 close 


*Ts 
Skew 
2 
ns 
S1 open 


ST26C31 


Suppiy 
range 


Voltage 
at any pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


7 Volts 


GND-0.3 
V to 
VCC+0.3 
V 


00 C to +700 C 


_40 


0 C to +150 
0 C 
5oomwl; 


. 


Symbol 
parameter 
Limits 
Units 
Conditions 


Min 
Typ 
Max 


I'N 
Input current 
±1.0 
m\ 


Ice 
Operating 
current 
200 
m\ 


loz 
Three 
state output 
leakage 
±2.0 
m\ 


V'H 
Input high level 
2.0 
V 


V'L 
Input low level 
0.8 
V 
VOH 
Output 
high level 
2.5 
V 


VOL 
Output 
low level 
0.5 
V 


Vos 
Differential 
output 
level 
2.0 
V 
RL=100W 


Voc 
Common 
mode output 
voltage 
3.0 
V 
RL=100W 


Voo 
Difference 
in common 
mode output 
0.4 
V 
RL=100W 


C'N 
Input capacitance 
7 
10 
15 
pF 


Cpo 
Power dissipation 
capacitance 
100 
pF 


IDS 
Output 
short current 
-30 
-150 
mA 
V,N=VCC or GND 


10FF 
Output 
leakage 
current 
power off 
100 
m\ 
Vout=6V 
-100 
m\ 
Vout=0.25V 


loe 
Output 
current 
±150 
mA 


~~~~~~. 
~, 
nnnnnnnnnnnnnnnnnnnnnnnnnX 
nnnnnnnnnnnn n/n 


\_1 _~I 


OUTPUTX+ 
~~ 


i.. 
.IT3 
~ 
~T4 


90% \ 
{ 
90% 


10% 
10% 
. 


T2 -+! 14- 
-.J 14- T2 


~ 
T1 
T1 I.---.i 
\~_I 


OUTPUTX+ 
50%1 
\ 


-.I ~ 
T5 


OUTPUT X- 
50%\ 
/ 


~STARTECH 
ST26C32 


I DESCRIPTION 
, 


The ST26C32 is a CMOS quad 
differential 
line 
receiver designed to meet the standard RS-422, RS- 
423 requirements. The ST26C32 has an input sensi- 
tivity of 200mv over the common mode input voltage 
range of ±7V. To improve noise margin and output 
stability for slow changing input signal, special hyster- 
esis is built in the ST26C32 circuit. 
The ST26C32 is a high speed line receiver designed 
to operate with MFM I RLL controllers and hard disk 
drives as well as RS-422, and RS-423 
differential 
applications. ST26C32 provides TTL compatible out- 
puts to interface with standard 74LS and CMOS 
design environments. 
ST26C32 is suitable for low 
power 5V operation. 


I FEATURES 
, 


• Pin-to-pin compatible with National DS26C32C 
• Low power CMOS design 
• Three-state outputs with enable pin 
• Meets the EIA RS-422 requirements 
• Low propagation delays 
• High speed 


r ORDERING 
INFORMATION 
, 


Part number 
ST26C32CP16 
ST26C32CF16 
ST26C321P16 
ST26C321F16 


Package 
Plastic-DIP 
SOIC 
Plastic-DIP 
SOIC 


Operating 
temperature 
0° C to + 70° C 
0° C to + 70° C 
_40° C to + 85° C 
_40° C to + 85° C 


INPUTA· 
1 
16 vcc 


INPUTA+ 
2 
15 
INPUTD- 


<0 
OUTPUTA 
3 
u: 
14 
INPUTD+ 


4 
() 
13 
OUTPUT 0 
ENABLE 
N.., 


OUTPUTS 
5 
() 
12 
ENABLE· 
<0 


INPUTB+ 
6 
~ 
11 
OUTPUTC 
C/) 


INPUTB- 
7 
10 
INPUTC+ 


GND 
8 
9 
INPUTC- 


16 
VCC 


15 
INPUTD- 


<0a: 
14 
INPUTD+ 
() 
13 
OUTPUT 0 
N.., 
() 
12 
ENABLE' 
<0 
~ 
11 
OUTPUTC 
C/) 


10 
INPUTC+ 


9 
INPUTC- 


OUTPUTA 
3 


ENABLE 
4 


I··.·.··.·•.·.·•. 
···.····················· 


ST26C32 


INPUT A- 
INPUT A+ 


OUTPUT A 


OUTPUT B 
INPUT B+ 


INPUT B- 


INPUT D- 


INPUT D+ 


OUTPUT D 


OUTPUTC 


INPUTC+ 


INPUT C- 


ST26C32 


Symbol 
Pin 
Signal Type 
Pin Description 


INPUT A- 
1 
I 
Receiver A differential inverting input pin. 


INPUT A+ 
2 
I 
Receiver A differential 
non-inverting input pin. 


OUTPUT A 
3 
0 
Receiver A output pin. 


ENABLE 
4 
I 
Gate control (active high). This pin is one of the two control 
pins which enables or disables all four receivers. 


OUTPUT B 
5 
0 
Receiver B output pin. 


INPUT B+ 
6 
I 
Receiver B differential non-inverting input pin. 


INPUT B- 
7 
I 
Receiver B differential inverting input pin. 


GND 
8 
0 
Signal and power ground. 


INPUT C- 
9 
I 
Receiver C differential inverting input pin. 


INPUT C+ 
10 
I 
Receiver C differential non-inverting input pin. 


OUTPUTC 
11 
0 
Receiver C output pin. 


ENABLE * 
12 
I 
Gate control (active low). See ENABLE description 


OUTPUT D 
13 
0 
Receiver D output pin. 


INPUT D+ 
14 
I 
Receiver D differential non-inverting input pin. 


INPUT D- 
15 
I 
Receiver D differential inverting input pin. 


VCC 
16 
I 
Power supply pin. 


•••••• 
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Enable 
Enable' 
Output 
Differential 
Differential 


Non..Jnverting 
Inverting 


,.. ' 
Input 
Input 


L 
H 
Z 
X 
X 
H 
L 
L 
L 
H 
H 
L 
H 
H 
L 


X=Don't care 
Z=Three state (high impedance) 


ClI 
SlpF 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


T1 
Propagation delay, input to output 
8 
10 
ns 
S1=VCC 


T2 
Propagation delay, input to putput 
18 
20 
ns 
S1=GND 
T3 
Output enable time 
18 
20 
ns 
VD,F=2.5V 


T. 
Output disable time 
18 
20 
ns 
VD,F=2.5V 


ST26C32 


Supply 
range 
Voltage 
at any logic pin 
Operating 
temperature 
Storage 
temperature 
Pack.age dissipation 


7 Volts 
GND-0.3 
V to 
VCC+0.3 
V 
O· C to 
+70· 
C 
_40· C to +150· 
C 


500 mW II 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


V,H 
Enable 
high level 
2.0 
V 
V,L 
Enable 
low level 
0.8 
V 
VOH 
Output 
high level 
3.8 
4.2 
V 
IOH=-6mA 


VOL 
Output 
low level 
0.2 
0.4 
V 
IOH=6mA 
V,O 
Differential 
input level 
-0.2 
+0.2 
V 
-7V < VCM < +7V 
VH 
Input hysteresis 
50 
mV 


I'N 
Input current 
±1.0 
mA 


Icc 
Operating 
current 
200 
)lA 
Vo1F=+1V 


foz 
Three 
state output 
leak.age 
±1.0 
±5.0 
)lA 
VOUT=VCC or GND 


IEN 
Enable 
input current 
±1.0 
mA 
V,N=VCC or GND 
VR 
Input resistance 
10 
Kn 
-7V < VCM < +7V 


ST26C32 


ENABLE 
ENABLE" 
uununx 
uuuuunuuuu 
.. uuux 
uuuunuunu.uunx.uu 
u 


INPUTX+ 


~ 


INPUT X- \ 


T1 


i<lll 
~! 


\~-_/ 
\_- 


\~-~/ 
~_I 


T2 
i<lll 
~i 


1<111.1 T4 
·T3 ~ 


OUTPUTX 
;I 
\_-_/ 
\- 


r GENERAL 
DESCRIPTION 
, 


The ST34C50/51 
is a CMOS 
dual 
differential 
line 
receiver 
and driver, 
designed 
to meet the standard 
RS-422, 
RS-423 
requirements 
and digital data trans- 
mission 
over balanced 
lines. The ST34C50/51 
has an 
input 
sensitivity 
of 200mv 
over 
the common 
mode 
input voltage 
range of ± 7V. To improve 
noise margin 
and output 
stability 
for slow 
changing 
input 
signal, 
special 
hysteresis 
is built in the ST34C50/51 
circuit. 


The ST34C50/51 
is a high speed 
line receiver 
and 
driver, designed 
to operate with MFMI 
RLL controllers 
and hard disk drives 
as well as RS-422 
and RS-423 
differential 
applications. 
ST34C50/51 
provides 
TTL 
compatible 
outputs 
to interface 
with standard 
74LS 
and 
CMOS 
design 
environments. 
ST34C50/51 
is 
suitable 
for low power 
5V operation 
with 
minimum 
board 
space 
requirements. 
ST34C50/51 
provides 
dual differential 
line receiver 
with three 
state control 
pin 
and 
dual 
line 
driver 
with 
three 
state 
control 
capability. 


==FE=A=T=U=R=E=S=================:::::.n 


• Pin -to-pin 
compatible 
to Motorola 
MC34050 
and 
MC34051 
• Low power CMOS 
design 
• Three-state 
outputs 
with enable 
pin 
• Meets the EIA RS-422/423 
requirements 
• Low propagation 
delays 
• High speed 
• Dual line receiver 
with three state control 
• Dual line driver with three state control 


r ORDERING 
INFORMATION 
, 


Part number 
ST34C50CP16 
ST34C50CF16 
ST34C501P16 
ST34C50lF16 
ST34C511P16 
ST34C511F16 


Package 
Plastic-DIP 
SOIC 
Plastic-DIP 
SOIC 
Plastic-DIP 
SOIC 


Operating 
temperature 
0 
0 C to 
+ 70 


0 C 
0 
0 C to 
+ 70 


0 C 
_40 


0 C to + 850 C 
_40 


0 C to 
+ 85 


0 C 
_40 


0 C to + 850 C 
-40 


0 C to + 850 C 


INPUT A- 
1 
16 
vcc 


INPUTA+ 
2 
15 
INPUT!). 


<0 
OUTPUT 
A 
3 
.•... 
14 
INPUTD+ 
U. 


ENABLE 
A'IB' 
4 
() 
13 
OUTPUTD 
0 
LO 


OUTPUT 
B 
5 
() 
12 
ENABLECID 


INPUTB+ 
6 
~ 
11 
OUTPUTC 
U) 


INPUT B- 
7 
10 
INPUTC+ 


GND 
8 
9 
INPUTC- 


16 
vcc 


15 
INPUT!). 


<0 
.•... 
14 
INPUTD+ 
U. 
() 
13 
OUTPUTD 
~ 
() 
12 
ENABLEC 
;;l;l- 
II 
OUTPUTC 
U) 


10 
INPUTC+ 


9 
INPUTC- 


1··..·····.1 ··.···. 


INPUT A- 


INPUT A+ 


OUTPUT A 


OUTPUTB 
INPUT B+ 


INPUT B- 


ST34C50 
ST34C51 


INPUT A- -----r>---, 


INPUTA+ 
~ 


OUTPUT A 


OUTPUT B =:r>=J 
INPUTB+ 


INPUT B- 


I····.·.·.•···•····•·•··•····•···•········ 


ST34C50 
ST34C51 


,. 


Symbol 
Pin 
Signal Type 
Pin Description 


INPUT A- 
1 
I 
Receiver A differential inverting input pin. 


INPUT A+ 
2 
I 
Receiver A differential 
non-inverting input pin. 


OUTPUT A 
3 
0 
Receiver A output pin. 


ENABLE AlB 
4 
I' 
Gate control (active low, ST34C50 only). This pin enables/ 
disables the two line receiver outputs (out A and out B of 
ST34C50). 


ENABLE D 
4* 
I 
Gate control (active high, ST34C51 only). This pin enables/ 
disables the ST34C51differential line driver D section. 


OUTPUT B 
5 
0 
Receiver B output pin. 


INPUT B + 
6 
I 
Receiver B differential non-inverting input pin. 


INPUT B- 
7 
I 
Receiver B differential inverting input pin. 
, 


GND 
8 
0 
Signal and power ground. 


INPUT C 
9 
I 
Driver C input pin. 


OUTPUT C+ 
10 
0 
Driver C differential non-inverted output pin. 


OUTPUT C- 
11 
0 
Driver C differential inverted output pin. 


ENABLE C/D 
12 
I 
Gate control (active high, ST34C50 only). This pin enables/ 
disables the two line driver outputs (output C and output D 
of ST34C50). 


ENABLE C 
12* 
I 
Gate control (active high, ST34C51 only). This pin enables/ 
disables the ST34C51differential line driver C section. 


OUTPUT D- 
13 
0 
Driver D differential inverted output pin. 


OUTPUT D+ 
14 
0 
Driver D differential non-inverted output pin. 


INPUT D 
15 
I 
Driver D input pin. 


VCC 
16 
I 
Power supply pin. 


ST34C50 
ST34C51 


Enable 
Output 
Differential 
Differential 
AJB 
Non-Inverting 
Inverting 


Input 
Input 


H 
Z 
X 
X 
L 
L 
L 
H 
L 
H 
H 
L 


X=Don't 
care 
Z=Three 
state (high impedance) 
Receive 
sections 
of the ST34C51 
are enabled 
all the time. 


Enable 
Input 
Differential 
Differential 
C/O 
Non-Inverted 
Inverted 


Output 
Output 


L 
X 
Z 
Z 
H 
L 
L 
H 
H 
H 
H 
L 


X=Don't 
care 
Z=Three 
state (high impedance) 
* for each section 
of ST34C51. 


Enable 
Input 
Differential 
Differential 
CorD 
Non-Inverted 
Inverted 


Output 
Output 


L 
X 
Z 
Z 
H 
L 
L 
H 
H 
H 
H 
L 


Hi 
58 H3 
588 J 


VCCVCC=I. 
5V 


81 


..·.··.....·.·.1··.·...·.·.····.······ 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


Line driver section 


T, 
Propagation delay, input to output 
8 
10 
ns 
81 open 
T2 
Differential output rise and fall time 
8 
10 
ns 
S1 open 
T3 
Output enable time 
18 
20 
ns 
81 close 
T. 
Output disable time 
18 
20 
ns 
S1 close 


*Ts 
Skew 
2 
ns 
S1 open 


Line receiver section 


T, 
Propagation delay, input to output 
8 
10 
ns 
S1=VCC 
T2 
Propagation delay, input to putput 
18 
20 
ns 
S1=GND 
T3 
Output enable time 
18 
20 
ns 
VD1F=2.5V 
T. 
Output disable time 
18 
20 
ns 
VD1F=2.5V 


ClI 
SlpP 


ST34C50 
ST34C51 


Operating 
supply 
range 
Voltage 
at any pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


7 Volts 
GND-0.3 
V to 
VCC+0.3 
V 
O· C to +70· C 
_40· C to +150· 
C 


500 mwl 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


V,H 
Enable 
high leveJ 
2.0 
V 


V'L 
Enable 
low level 
0.8 
V 
VROH 
Receiver 
output 
high level 
3.8 
V 
VROL 
Receiver 
output 
low level 
0.4 
V 
VR10 
Receiver 
differential 
input level 
-0.2 
+0.2 
V 
RL=100 n 


VRH 
Receiver 
input hysteresis 
50 
mV 
IR1N 
Receiver 
input current 
±1.0 
mA 
VRR 
Receiver 
input resistance 
10 
Kn 


lee 
Operating 
current 
200 
llA 


loz 
Three 
state output 
leakage 
±2.0 
llA 


VOOH 
Driver 
input 
high level 
2.5 
V 
VOOL 
Driver 
output 
low level 
0.5 
V 
Voos 
Driver 
differential 
output 
level 
2.0 
V 
RL=100 n 


Vooc 
Driver 
Common 
mode output 
voltage 
3.0 
V 
RL=100 n 
Vooo 
Driver 
difference 
in common 
mode 
0.4 
V 
RL=100 n 


output 


lOIN 
Driver 
input current 
±1.0 
llA 


ST34C50 
ST34C51 


~ 
~T4 
~T1 


\__ 
~I 


i... 
.IT3 
~ 
~T4 
~T1 
T1~ 


90%!\~ 
__ 
~r~1900-Yo--\ 
r 


: i 10% 
10%: : 
T2 --.j 
!Oll- 
--.j 
!Oll- T2 


ENABLE 
ENABLE" 


_/ 


V 
.unuununuununx·\ 
......•.... 


........./~~---~ 
.. 


\_1 _~! 
\_- 


I... 
.!T3 


OUTPUTX+ 
~I 


OUTPUTX+ 
50%1 
\ 


~ 
~ 
T5 


OUTPUT X- 
50%\ 
/ 


ST34C50 
ST34C51 


ENABLE 
ENABLE· 
_m 
mx__ 
m 
m 
m_m 
X 
m--m---mm--mY.m_ 


INPUTX+ 


~ 
\ 
/ 
\ 


INPUT X- 


~ 
I 
\ 
/ 


T1 !~ 
~I 
T2 i~ 
~i 


T3 ~ 
I~ ~I T4 


OUTPUT X 
Y 
\ 
/ 
\ 
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~STARTECH 
ST34C86 


r GENERAL 
DESCRIPTION 
, 
,. 
, 
, . 


The ST34C86 is a CMOS quad 
differential 
line 
receiver designed to meet the standard RS-422, RS- 
423 requirements. The ST34C86 has an input sensi- 
tivity of 200mv overthe common mode input voltage 
range of ± 7V. To improve noise margin and output 
stability for slow changing input signal, special hyster- 
esis is built in the ST34C86 circuit. 
The ST34C86 is a high speed line receiver designed 
to operate with MFM / RLL controllers and hard disk 
drives as well as RS-422 and RS-423 
differential 
applications. ST34C86 provides TTL compatible out- 
puts to interface with standard 74LS and CMOS 
design environments. 
ST34C86 is suitable for low 
power 5V operation. 


r FEATURES 
i. 


• Pin-to-pin compatible with National DS34C86 
• Low power CMOS design 
• Three-state outputs with enable pin 
• Meets the EIA RS-422 requirements 
• Low propagation delays 
• High speed 


r ORDERING 
INFORMATION 


i 


Part number 
ST34C86CP16 
ST34C86CF16 
ST34C861P16 
ST34C861F16 


Package 
Plastic-DIP 
SOIC 
Plastic-DIP 
SOIC 


Operating 
temperature 
0° C to + 70° C 
0° C to + 70° C 
-40° C to + 85° C 
_40° C to + 85° C 


INPUT A- 
1 
16 
VCC 


INPUTA+ 
2 
15 
INPUT 
D- 


<0 
OUTPUT 
A 
3 
LL 
14 
INPUT 
0+ 


ENABLENB 
4 
() 
13 
OUTPUT 
0 
<0 
co 


OUTPUTB 
5 
() 
12 
ENABLEC/D 
~ 
INPUTB+ 
6 
l- 
II 
OUTPUTC 
(/) 


INPUT B- 
7 
10 
INPUTC+ 


GND 
8 
9 
INPUTe- 


INPUT B- 
7 


GND 
8 


vcc 


INPUT 0- 


<0 
a:: 
INPUT 0+ 


() 
13 
OUTPUT 
0 
<0 
co 
() 
12 
ENABLECID 
""M 
l- 
II 
OUTPUTC 
(/) 


10 
INPUTC+ 


9 
INPUTC- 


ST34C86 


INPUT A- 
INPUT A+ 


OUTPUT A 


OUTPUTB 
INPUT B+ 


INPUT B- 


INPUT D- 


INPUT D+ 


OUTPUT D 


OUTPUTC 


INPUTC+ 


INPUT C- 


ST34C86 


Symbol 
Pin 
Signal Type 
Pin Description 


INPUT A- 
1 
I 
Receiver A differential inverting input pin. 


INPUT A+ 
2 
I 
Receiver A differential 
non-inverting input pin. 


OUTPUT A 
3 
0 
Receiver A output pin. 


ENABLENB 
4 
I 
Gate control (active high). This pin enables/disables the two 
line receiver outputs (out A and out B). 


OUTPUT B 
5 
0 
Receiver B output pin. 


INPUT B+ 
6 
I 
Receiver B differential non-inverting input pin. 


INPUT B- 
7 
I 
Receiver B differential inverting input pin. 


GND 
8 
0 
Signal and power ground. 


INPUT C- 
9 
I 
Receiver C differential inverting input pin. 


INPUT C+ 
10 
I 
Receiver C differential non-inverting input pin. 


OUTPUTC 
11 
0 
Receiver C output pin. 


ENABLE C/D 
12 
I 
Gate control (active high). This pin enables/disables the two 
line receiver outputs (output C and output D). 


OUTPUT D 
13 
0 
Receiver D output pin. 


INPUT D+ 
14 
I 
Receiver D differential non-inverting input pin. 


INPUT D- 
15 
I 
Receiver D differential inverting input pin. 


VCC 
16 
I 
Power supply pin. 


ST34C86 


Enable 
Output 
Differential 
Differential 
AIB 
Non-lnverting 
Inverting 


C/O 
Input 
Input 


L 
Z 
X 
X 
H 
L 
L 
H 
H 
H 
H 
L 


X=Don't care 
Z=Three state (high impedance) 


C1r SlpF 


Symbol 
Parameter 


,.... 


Limits 
Units 
Conditions 
Min 
Typ 
Max 


T, 
Propagation delay, input to output 
8 
10 
ns 
S1=VCC 
T2 
Propagation delay, input to putput 
18 
20 
ns 
S1=GND 
T3 
Output enable time 
18 
20 
ns 
Vo1F=2.5V 
T. 
Output disable time 
18 
20 
ns 
Vo1F=2.5V 


ST34C86 


Supply 
range 
Voltage 
at any logic pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


7 Volts 
GND-0.3 
V to 
VCC+0.3 
V 
0 
0 C to 
+70 
0 
C 
_40 
0 C to +150 
0 
C 


500mwi 


V,H 
Enable 
high level 
2.0 
V 
V,L 
Enable 
low level 
0.8 
V 
VOH 
Output 
high level 
3.8 
4.2 
V 
10H=-6mA 


VOL 
Output 
low level 
0.2 
0.4 
V 
10H=6mA 
V,D 
Differential 
input level 
-0.2 
+0.2 
V 
-7V < VCM < +7V 
VH 
Input hysteresis 
50 
mV 


I'N 
Input current 
±1.0 
mA 


Icc 
Operating 
current 
200 
).lA 
VD1F=+1V 


loz 
Three 
state output 
leakage 
±1.0 
±5.0 
).lA 
VOUT=VCC or GND 
IEN 
Enable 
input current 
±1.0 
mA 
V,N=VCC or GND 
VR 
Input resistance 
10 
KQ 
-7V < VCM < +7V 


ST34C86 


ENABLE 
ENABLE" _··x. 
.. .. . 
w.¥ ..w.w.w.w.wx. 


INPUTX+ 


~ 
\ 
/ 


INPUT X- \ 
I 
\ 


T1 


iOlll 
.! 
T2 


'0lIl 
.i 


T3 ~ 


iOlll .1 T4 


OUTPUT X 
! 
\ 


\~- 


__ I 


__ I 
\- 


~STARTECH 
ST34C87 


I GENERAL 
DESCRIPTION 
, 


The ST34C87 
is a CMOS quad 
differential 
line driver 
designed 
to meet the standard 
RS-422 
requirements 
and digital 
data transmission 
over balanced 
lines. To 


improve 
noise 
margin 
and output 
stability 
for slow 
changing 
input signals special 
hysteresis 
is built in the 
ST34C87 
circuit. 


The ST34C87 
is a high speed 
CMOS 
line driver 
de- 
signed to operate with MFM I RLL controllers 
and hard 
disk drives as well as RS-422 
digital data transmission 
applications. 
ST34C87 
is suitable 
for low power 
5V 
operation 
with high input voltage 
protection 
devices. 


r FEATURES 
, 


• Pin-to-pin 
compatible 
with National 
DS34C87 
• Low power CMOS design 
• Three-state 
outputs with enable pin 
• Meets the EIA RS-422 
requirements 
• Low propagation 
delays 
• High speed 


r ORDERING 
INFORMATION 
, 


Part number 
ST34C87CP16 
ST34C87CF16 
ST34C871P16 
ST34C871F16 


Package 
Operating 
temperature 
Plastic-DIP 
0° C to 
+ 70° C 
SOIC 
0° C to + 70° C 
Plastic-DIP 
-40° C to + 85° C 
SOIC 
_40° C to + 85° C 


INPUT A 
1 
VCC 


OUTPUTA+ 
2 
INPUT 0 


cD 
OUTPUT 
A- 
3 
~ 
OUTPUT 
0+ 
u.. 


ENABLENB 
4 
0 
OUTPUTD- 
t- 
<Xl 
OUTPUTB- 
5 
0 
ENABLECIO 
;:l; 


OUTPUTB+ 
6 
r- 
11 
OUTPUTC- 


C/) 


INPUTB 
7 
10 
OUTPUTC+ 


GND 
8 
9 
INPUTC 


INPUTA 
1 
16 
VCC 


OUTPUTA+ 
2 
15 
INPUT 
0 


cD 
OUTPUT 
A- 
3 
0:: 
14 
OUTPUT 
0+ 


ENABLENB 
4 
0 
13 
OUTPUTD- 
t- 
<Xl 
OUTPUT 
B- 
5 
0 
12 
ENABLECID 
;:l; 


OUTPUTB+ 
6 
r- 
11 
OUTPUTC- 


C/) 


INPUTB 
7 
10 
OUTPUTC+ 


GND 
8 
9 
INPUTC 


••••••••••••••••••••••••••••••••••••••• 


ST34C87 


ST34C87 


Symbol 
Pin 
Signal 
Type 
Pin Description 


INPUTA 
1 
I 
Driver A input pin. 


OUTPUTA+ 
2 
0 
Driver A differential 
non-inverting 
output pin. 


OUTPUT A- 
3 
0 
Driver A differential 
inverting 
output pin. 


ENABLEAlB 
4 
I 
Gate control 
(active 
high). This pin is one of the two control 
pinswhich 
enables or disables 
two/fourdrivers. 


OUTPUTB- 
5 
0 
DriverB 
differential 
inverting 
output pin. 


OUTPUTB+ 
6 
0 
Driver B differential 
non-inverting 
output pin. 


INPUTB 
7 
I 
DriverB 
input pin. 


GND 
8 
0 
Signal and powerground. 


INPUTC 
9 
I 
DriverC 
input pin. 


OUTPUTC+ 
10 
0 
DriverC differential 
non-inverting 
output pin. 


OUTPUTC- 
11 
0 
DriverCdifferential 
inverting 
output pin. 


ENABLEC/D 
12 
I 
Gate control (active high). See ENABLEAlB 
pin description. 


OUTPUTD- 
13 
0 
Driver D differential 
inverti ng output pin. 


OUTPUTD+ 
14 
0 
Driver D differentia 
Inon-i nverti ng output pin. 


INPUTD 
15 
I 
Driver D input pin. 


VCC 
16 
I 
Power supply 
pin. 


ST34C87 


Enable 
Input 
Differential 
Differential 


AlB 
Non-Inverting 
Inverting 


C/O 
Output 
Output 


L 
X 
Z 
Z 
H 
L 
L 
H 
H 
H 
H 
L 


X=Don'tcare 
Z=Three state (high impedance) 


R1 
58 R3 
588 J 


UCCVCC=t.sv 
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Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


T, 
Propagation delay, input to output 
8 
10 
ns 
S10pen 
T2 
Differential output rise and fall time 
8 
10 
ns 
S10pen 
T3 
Output enable time 
18 
20 
ns 
S1 close 
T. 
Output disable time 
18 
20 
ns 
S1 close 


"T 
5 
Skew 
2 
ns 
S10pen 


ST34C87 


Supply range 
Voltage 
at any pin 
Operating temperature 
Storagetemperature 
Package 
dissipation 


7 Volts III 


GND-0.3 
V to VCC+0.3 
V 
o· C to +70· C 
_40· C to +150· 
C 


500mW II 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


I", 
Input current 
±1.0 
!JA 


Ice 
Operating 
current 
200 
!JA 


6 
Three state output leakage 
±2.0 
!JA 


V'H 
Input high level 
2.0 
V 


V'L 
Inputlowlevel 
0.8 
V 


Va< 
Output 
high level 
2.5 
V 


Vex 
Output low level 
0.5 
V 


Vas 
Differential 
output level 
2.0 
V 
R,.=100n 


Vce 
Common 
mode output voltage 
3.0 
V 
RL=100n 
Voo 
Difference 
in common 
mode output 
0.4 
V 
RL=100n 


C'N 
Input capacitance 
7 
10 
15 
pF 


Cpo 
Power dissipation 
capacitance 
100 
pF 


los 
Output short current 
-30 
-150 
mA 
V'N=VCCorGND 


1(Ff 
Output leakage current power off 
100 
!JA 
Vout=6V 
-100 
!JA 
Vout=0.25V 


loc 
Output current 
±150 
mA 


ST34C87 


ENABLE 
ENABLE" 


~,u 


'/ 
\_, _/ 


u.\ 
nnuunnunuun/ 


n 


OUTPUTX+ 
-"~ 
\ 
/ 
~----~ 


________ 
5_00~~o! 


~ 
~T5 


OUTPUT X- ----5-00~Yo\~ 
~/ 
\~_. 


\~- 


T1~ 
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I GENERAL 
DESCRIPTION 


I 


The ST31 C32 is a high speed CMOS 
combo differen- 
tial 
line 
receiver 
and 
driver 
designed 
to 
meet 
the 
standard 
RS-422, 
RS-423 requirements 
fordigital 
and 
transmission 
over 
balanced 
lines. 
It provides 
five 
differential 
line receivers 
with three state control 
and 
three 
line drivers 
also with three state control. 


The 
line driver 
inputs 
and line receiver 
outputs 
are 
TIL 
compatible 
to interface 
with standard 
74LS and 
CMOS 
environments. 
The 
ST31C32 
has been 
de- 
signed 
for low power 
5 volts 
operation 
and is espe- 
cially suited for MODEM/UART 
applications. 
The receiver 
in the ST31 C32 has an input sensitivity 
of 200mv 
overthe 
common 
mode input voltage 
range 
of ± 7V. They 
incorporate 
hysteresis 
for 
improved 
noise margin 
with slow changing 
input signals. 
Input 
fail-safe 
circuitry 
is also included 
which will cause the 
output 
of the receiver 
to go to a logic "1" level 
if the 
inputs are left open. 
A special 
voltage 
sensing 
circuit 
is utilized 
in the 
drivers 
that will three-state 
the outputs 
during 
power 
down and powerup. 
This will prevent 
spurious glitches 
from 
appearing 
on the outputs. 


r FEATURES 


I 


• Low power CMOS 
design 
• Three-state 
outputs 
with enable 
pin 
• Meets the EIA RS-422/423 
requirements 
• Low propagation 
delays 
• High speed 
• Five line receivers 
with three state control 
• Three 
line drivers 
with three state control 
.28 
pin PLCC and SOIC 
package 


PLCC 
Package 


0 "' 


+ 
~ 
III 
~ ~ ~ 
III 
< ~ 
i!: 
i!: 
i!: 
>- 
>- 5 
::> " 


::> 
::> 
::> 
::> .. ~ .. 


0 
0 
0 
;; 
;; 
0 


0 


ST32C32CJ28 
INPUTH- 


INPUTG- 


I 
~ 


INPUT 
D- 


ORDERING 
INFORMATION 
INPUT E- 
11 
I 


Part number 
Package 
Operating 
temperature 
INPI:JT E+ 
12 


ST31 C32CJ28 
PLCC 
0° C to 
+ 70° C 
OUTPUTE 
13 
ST31 C32CF28 
SOIC 
0° C to 
+ 70° C 
GND 
14 
ST31C321J28 
PLCC 
_40° C to 
+ 85° C 
ST31 C321F28 
SOIC 
_40° C to 
+ 85° C 


vcc 


27 
INPUT A 


26 
OUTPUTA+ 


25 
OUTPUT 
A- 


24 
OUTPUTH 


00 
N 
23 
INPUTH+ 
a.. 
0 
22 
INPUTH- 
N 
C')0 
21 
INPUTG- 


M 
I- 
20 
INPUTG+ 
If) 
19 
OUTPUTG 


18 
OUTPUTF 


17 
INPUTF+ 


16 
INPUTF- 


15 
ENABLE 
B' 


ST31C32 


OUTPUTD 5 


INPUT D+ 
INPUT D- 


INPUT A 


OUTPUTE 
INPUT E+ 
OUTPUT A+ 


INPUT E- 
OUTPUT A- 


INPUT B 
OUTPUTF 
INPUT F+ 
OUTPUTB+ 
INPUT F- 
OUTPUT B- 


INPUTC 
OUTPUTG 
INPUTG+ 


INPUT G- 
OUTPUTC- 


OUTPUTH 
ENABLE A* 
INPUT H+ 


INPUT H- 


ENABLE B* 


ST31C32 


}SymboJ/ 
1/· 
:::} 


I.} 
"'} 


INPUT B 
1 


OUTPUT B+ 
2 


OUTPUT B- 
3 
r 


OUTPUT C- 
4 


OUTPUT C+ 
5 


INPUTC 
6 


ENABLEA* 
7* 


OUTPUT 0 
8 


INPUT 0 + 
9 


INPUT 0- 
10 


INPUT E- 
11 


INPUT E + 
12 


OUTPUT E 
13 


GND 
14 


ENABLE B* 
15* 


INPUT F- 
16 


INPUT F + 
17 


OUTPUT F 
18 


OUTPUTG 
19 


INPUT G + 
20 


,.' 
. 
,. 


I 
Gate controlA (active low). This pin enables/disables the 
three line driver outputs. 


I 
Gate control B (active low). This pin enables/disables the 
five line receiver outputs: 


I.·.·..·.·.·.• 
··,············ 


ST31C32 


Symbol 
Pin 
Signal Type 
Pin Description 


INPUT G- 
21 
I 
Line receiver G differential inverted input pin. 


INPUT H- 
22 
I 
Line receiver H differential inverted input pin. 


INPUT H + 
23 
I 
Line receiver H differential non-inverted input pin. 


OUTPUT H 
24 
0 
Line receiver H output pin. 


OUTPUT A- 
25 
0 
Line driver A differential inverted output pin. 


OUTPUT A+ 
26 
0 
Line driver A differential non-inverted output pin. 


INPUT A 
27 
I 
Line driver A input pin. 


VCC 
28 
I 
Power supply pin. 


Enable 
Differential 
Differential 
Output 
B 
Non-Inverting 
Inverting 


Input 
Input 


H 
X 
X 
Z 
L 
L 
H 
L 
L 
H 
L 
H 


Enable 
Input 
Differential 
Differential 
A 
Non-Inverted 
Inverted 


.Output 
Output 


H 
X 
Z 
Z 
L 
L 
L 
H 
L 
H 
H 
L 


Cl 
ISliP' 
..,. 


X=Don't care 
Z=Three state (high impedance) 


ST31C32 


.. 
Patametet ..•.. 


.. { 
.. 
• Ii. 
Limits 


.. 


Units I•••••• 
·········q~~djtions 
.Symbol 
Max···· 
.•MinTyp 


Line Receiver Timing 
T, 
Propagation delay, input to output 
8 
10 
ns 
51=VCC 
T2 
Propagation delay, input to putput 
18 
20 
ns 
51=GND 


T3 
Output enable time 
18 
20 
ns 
Vo1F=2.5V 
T. 
Output disable time 
18 
20 
ns 
Vo1F=2.5V 


Line Driver Timing 
T, 
Propagation delay, input to output 
8 
10 
ns 
51 open 
T2 
Differential output rise and fall time 
8 
10 
ns 
51 open 
T3 
Output enable time 
18 
20 
ns 
51 close 
T. 
Output disable time 
18 
20 
ns 
51 close 
To 
5kew 
0.5 
ns 
51 open 


~1 
5i1 ~3 
5i1i1 J 


ueeocc:t. 
50 
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Supply 
range 
Voltage 
at any pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


7 Volts 
GND-0.3 
V to 
VCC+0.3 
V 
O· C to +70· C 
_40· C to +150· 
C 
500 mW 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


V,H 
Enable 
high level 
2.0 
V 


V'L 
Enable 
low level 
0.8 
V 
VROH 
Receiver 
output 
high level 
3.8 
V 


VROL 
Receiver 
output 
low level 
0.4 
V 
VRlo 
Receiver 
differential 
input level 
-0.2 
+0.2 
V 
RL=100 n 
VRH 
Receiver 
input hysteresis 
50 
mV 


IR1N 
Receiver 
input current 
±1.0 
mA 


VRR 
Receiver 
input resistance 
10 
Kn 


lee 
Operating 
current 
200 
IJA 


loz 
Three 
state output 
leakage 
±2.0 
IJA 


VOOH 
Driver 
input 
high level 
2.5 
V 


VOOL 
Driver 
output 
low level 
0.5 
V 


Voos 
Driver 
differential 
output 
level 
2.0 
V 
RL=100 n 
Vooc 
Driver 
Common 
mode output voltage 
3.0 
V 
RL=100 n 
Vooo 
Driver 
difference 
in common 
mode 
0.4 
V 
RL=100 n 


output 


lOIN 
Driver 
input current 
±1.0 
mA 


ST31C32 


ENABLEA* 
\~ 
~! 


, 


\_:__ I 
~I 


\~--- 


\_- 


~IT3 


OUTPUT X+ 
~l~------+-----,\~ 
~~I 


I" 
~IT3 
~ 
~T4 
~ 
T1 
T1 ~ 
90%I\~ 
__ 
I-:900-Yo--\~ 
__ 
~! 


: '10% 
10% 
: 


T2 ---.I ~ 
---.I 
~ 
T2 


OUTPUT X+ 
·50%1 
\ 


~ 
~T5 


OUTPUT X- 
50%\ 
/ 
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ST31C32 


INPUTX+ 
~ 
\~_~I 


INPUT X- 
\ 
/ 
_.- 


T3 ~ 


OUTPUTX 
~I 


\~--- 


\~- 


\_-Y 


_____________ 
UARTS II, 


Index 


ST16C1450 
3-23 
ST16C1451 
3-23 
ST16C1550 
3-123 
ST16C 1551 
3-123 
ST16C 1552 
3-123 
ST16C2450 
3-45 
ST16C2550 
3-147 
ST16C2552 
3-169 
ST16C450 
3-3 
ST16C452A 
T 
3-269 
ST16C452PS 
3-269 
ST16C454 
3-61 
ST16C550 
3-97 
ST16C552 
3-295 
ST16C553 
3-323 
ST16C554 
3-191 
ST16C650 
3-235 
ST68C454 
3-79 
ST68C554 
3-213 


r DESCRIPTION 


i 
The ST16C450 is a universal asynchronous receiver 
and transmitter. 
A programmable baud rate genera- 
tor is provided to select transmit and receive clock 
rates from 50Hz to 448kHz. 
The ST16C450 
is an improved 
version 
of the 
NS16C450 UART with higher operating speed and 
lower access time. The ST16C450 on board status 
registers 
provides the error 
conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C450 
provides internal loop-back capability for on board 
diagnostic testing. 
The ST16C450 is fabricated in an advanced 1.2ft 
CMOS process to achieve low drain power and high 
speed requirements. 


r FEATURES 


i 


• Pin 
to 
pin 
and 
functional 
compatible 
to 
NS16450,VL16C450,WD16C450 
• Modem control signals (CTS*, RTS*, DSR*, DTR*, 


RI*, CD*) 


• Programmable character lengths (5,6,7,8) 
• Even, odd, or no parity bitgeneration anddetection 
• Status report register 
• Independent transmit and receive control 
• TTL compatible inputs, outputs 
.448 
kHz transmiUreceive 
operation with 7.372 
MHz crystal or external clock source 


r ORDERING 
INFORMATION 


i 


Part number 
Package 
Operating temperature 
ST16C450CP40 
Plastic-DIP 
0° C to + 70° C 
ST16C450CJ44 
PLCC 
0° C to + 70° C 
ST16C450CQ48 
TQFP 
0° C to + 70° C 


• Industrial operating range are available. 


D2 
3 


D3 
4 


36 
CTS" 


RESET 


30 
INT 


29 
N.C. 


28 
AO 


1)( 
11 


CSO 
12 


CS2" 
14 


BAUDOUr- 
15 


1 


A 


, r 


INTERRUPT 
CONTROL 
DATA 
LOGIC 
LOGIC 
BUS 


I 
I 
I 
I 


~ 
.. 


~o 
0 
~ 


m 
;l)r 
BAUD RATE 
os: 


00 
0(") 
co 
GENERATOR 
Glo 
=l~ 
Oz 
;u 
~ 
0° 
~ 


I 


RECEIVE 
TRANSMIT 


CONTROL 
CONTOL 
LOGIC 
LOGIC 


1 
j 


OP1',OP2' 
RTS',OTR' 


CTS',OSR' 
CD', RI' 


en-I 
~eno 
~c.no 
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Symbol 
Pin 
Signal Type 
Pin Description 


00-07 
1-8 
I/O 
Bi-directional data bus, Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RCLK 
9 
I 
Receive 
clock input. The external 
clock input to the 
ST16C450 receiver section if receiver data rate isdifferent 
from transmitter data rate. 


RX 
10 
I 
Serial data input. The serial information (data) received 
from serial port to ST16C450 receive input circuit. A mark 
(high) is logic one and a space (low) islogic zero. During the 
localloopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


TX 
11 
0 
Serial data output. The serial data istransmitted via this pin 
with additional start, stop and parity bits. The TX will be held 
in mark (high) state during reset, local loopback mode or 
when the transmitter is disabled. 


CSO 
12 
I 
Chip select 1 (active high). A high at this pin enables the 
ST16C450 / CPU data transfer operation. 


CS1 
13 
I 
Chip select 2 (active high). A high at this pin enables the 
ST16C450 / CPU data transfer operation. 


CS2* 
14 
I 
Chip select 3 (active low). A low at this pin (while CSO=1 
and CS1=1) will enable the ST16C450 / CPU data transfer 
operation. 


BAUDOUT* 
15 
0 
Baud rate generator clock output. This output provides the 
16x clock of the internal selected baud rate. 
RCLKpin is 
connected externally to BAUDOUT* pin to provide the 
receiver clock. 


XTAL1 
16 
I 
Crystal input 1 or external clock input. A crystal 
can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generatorforcustom transmis- 
sion rates. 


Symbol 
Pin 
. Signal Type 
Pin Description 


XTAL2 
17 
I 
Crystal input 2 or buffered clock output See XTAL 1. 


lOW· 
18, 
I 
Write strobe (active low). A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


lOW 
19 
I 
Write strobe (active high). Same as lOW·, but uses active 
high input Note that only an active lOW· or lOW input is 
required to transfer data from 
CPU to ST16C450 during 
write operation. All the unused pin should be tied to VCC or 
GND. 


GND 
20 
0 
Signal and power ground. 


lOR· 
21 
I 
Read strobe (active low). A low level on this pin transfers 
the contents of the ST16C450 data bus to the CPU. 


lOR 
22 
I 
Read strobe (active high). Same as lOR·, but uses active 
high input Note that 
only an active lOR· or lOR input is 
required to transfer data from ST16C450 to CPU during 
read operation. All the unused pin should be tied to VCC 
orGND. 


DDIS· 
23 
0 
Drive disable (active low). This pin goes low when the CPU 
is reading data from the ST16C450 to disable the external 
transceiver or logic's. 


CSOUT 
24 
0 
Chip select out 
A high on this pin indicates that the 
ST16C450 has been enabled by the chip select pin. 


AS· 
25 
I 
Address strobe (active low). A low on this pin will latch the 
state of the chip selects and addressed register (A2-AO). 
This input is used 
when signals are not stable for the 
duration of a read or write operation. If not required, tie the 
AS· input permanently low. 


A2 
26 
I 
Address select line 2. To select internal registers. 


A1 
27 
I 
Address select line 1. To select internal registers. 


AO 
28 
I 
Address select line O. To select internal registers. 
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Interrupt output (active high). This pin goes high (when 
enabled by the interrupt enable register) whenever a re- II 
ceiver error, receiver data available, transmitter empty, or 
modem status condition flag is detected. 


General purpose output (active low). User defined output. 
See bit-3 modem control register (MCR bit-3). 


Request to send (active low). To indicate that the transmit- 
ter has data ready to send. Writing a "1" in the modem 
control register (MCR bit-1 ) will set this pin to a low state. 
Afterthe reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion. 


Data terminal 
ready 
(active 
low). 
To indicate 
that 


ST16C450 is ready to receive data. 
This pin can be 


controlled via the modem control register (MCR bit-O). 
Writing a "1" atthe MCR bit-Owill set the DTR* output to low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset. Note that this pin does not have 
any effect on the transmit or receive operation. 


General purpose output (active·low). User defined output. 
See bit-2 of modem control register (MCR bit-2). 


Master reset (active high). A high on this pin will reset all 
the outputs and internal registers. The transmitter output 
and the receiver input will be disabled during reset time. 


Clear to send (active low). The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR BIT-4. CTS* has no effect on the transmit 
or receive operation. 


Data set ready (active low). A low on this pin indicates the 
MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 
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Symbol 
Pin 
Signal Type 
Pin Description 


CD* 
38 
I 
Carrier detect (active low). A low on this pin indicates the 
carrier has been detected by the modem. 


RI* 
39 
I 
Ring detect indicator (active low). A low onthis pin indicates 
the modem has received a ringing signal from telephone 
line. 


VCC 
40 
I 
Power supply input. 


A2 
A1 
AD 
READ MODE 
WRITE MODE 


0 
0 
0 
Receive Holding Register 
Transmit Holding Register 
0 
0 
1 
Interrupt Enable Register 
0 
1 
0 
Interrupt Status Register 
0 
1 
1 
Line Control Register 
1 
0 
0 
Modem Control Register 
1 
0 
1 
Line Status Register 
1 
1 
0 
Modem Status Register 
1 
1 
1 
Scratchpad Register 
Scratch pad Register 
0 
0 
0 
LSB of Divisor Latch 
0 
0 
1 
MSB of Divisor Latch 
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1A2~1?\I 


/. 
........... 
.....;~~ 
BIT-4 
II' 
tnl ~t> 
< <••.••. 
« 
......... 


0 
0 
0 
RHR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
THR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
1 
IER 
0 
0 
0 
0 
modem 
receive 
transmit 
receive 


status 
line 
holding 
holding 


interrupt 
status 
register 
register 
interrupt 


0 
1 
0 
ISR 
0 
0 
0 
0 
0 
int 
int 
int 


priority 
priority 
status 
bit-1 
bit-O 


0 
1 
1 
LCR 
divisor 
set 
set 
even 
parity 
stop 
word 
word 


latch 
break 
parity 
parity 
enable 
bits 
length 
length 


enable 
bit-1 
bit-O 


1 
0 
0 
MCR 
0 
0 
0 
loop 
OP2* 
OP1* 
RTS* 
OTR* 


back 


1 
0 
1 
LSR 
0 
trans. 
trans. 
break 
framing 
parity 
overrun 
receive 


empty 
holding 
interrupt 
error 
error 
error 
data 


empty 
ready 


1 
1 
0 
MSR 
CO 
RI 
OSR 
CTS 
delta 
delta 
delta 
delta 


CO* 
RI* 
OSR* 
CTS* 


1 
1 
1 
SPR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
DLL 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 1 
DLM 
bit-15 
bit-14 
bit-13 
bit-12 
bit-11 
bit-10 
bit-9 
bit-S 


ST16C450 


The serial transmitter section consists of a Transmit 
Hold Register (THR) and 
Transmit Shift Register 
(TSR). The status of the transmit hold register 
is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-DO) to the Transmit holding register when- 
ever the transmitter 
holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 
On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike onthe RX input. Receiverstatus codes will 
be posted in the Line Status Register. 


The ST16C450 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-8 MHz and dividing it by any divisor from 1 
to 2'6 -1. The output 
frequency of the Baudout* is 
equal to 16X of transmission baud rate (Baudout*=16 
x Baud Rate). 
Customize 
Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 


The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 


IER BIT-O: 
O=disablethe receiver ready interrupt. 
1=enable the receiver ready interrupt. 


IER BIT-1: 
O=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 


IER BIT-2: 
O=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 


IER BIT-3: 
O=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 


IER BIT 7-4: 
All these bits are set to logic zero. 


The ST16C450 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Interrupt Status Regis- 
ter (ISR) provides the source of the interrupt in priori- 
tized matter. During the read cycle the ST16C450 
provides the highest interrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized interrupt levels: 


P 
02 
01 
DO 
Source of the interrupt 


1 
1 
1 
a 
LSR 
(Receiver Line Status 
Register) 
2 
1 
a 
a 
RXRDY 
(Received 
Data 
Ready) 


3 
a 
1 
a 
TXRDY( Transmitter Holding 
Register Empty) 
4 
a 
a 
a 
MSR (Modem Status Regis- 
ter) 


ISR BIT-O: 
O=aninterrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 
1=no interrupt pending. 


ISR BIT 1-2: 
Logical combination of these bits, provides the high- 
est priority interrupt pending. 


ISR BIT 3-7: 
These bits are not used and are set to "a". 


ST16C450 


The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 


LCR Bln-O: 
These two bits specify the word length to be transmit- 
ted or received. 


BIT"'1 
BIT-O 
Word length 
I 
.. 
. 
..... 


0 
0 
5 
0 
1 
6 
1 
0 
7 
1 
1 
8 


LCR BIT-2: 
The number of stop bits can be specified by this bit. 


BIT-2 
Word length 
StC)(lbit(s) 


0 
5,6,7,8 
1 
1 
5 
1-1/2 
1 
6,7,8 
2 


LCR BIT-3: 
Parity or no parity can be selected via this bit. 
O=no parity 
1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 


LCR BIT-4: 
If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 
O=ODDparity is generated by forcing an odd number 
of 1's in the transmitted data, receiver also checks for 
same format. 


1= EVEN parity bit is generated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 


LCR BIT-5: 
If the parity bit is enabled, LCR 
BIT-5 selects the 
forced parity format. 
LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1, parity bit is forced to 
"0" in the transmitted and received data. 


LCR BIT-6: 


~~~~~ift~~t(~~:~i\sC~~r~~~ ~obl~;~t~~~~ition to be II 
O=normal operating condition. 
---- 
1=forces the transmitter output (TX) to go low to alert 
the communication terminal. 


LCR BIT-7: 
The internal baud rate counter latch enable (DLEN). 
O=normal operation. 
1=select divisor latch register. 


This register controls the interface with the MODEM 
or a peripheral device (RS232). 


MCR BIT-O: 
O=force DTR* output to high. 
1=force DTR* output to low. 


MCR BIT-1: 
O=force RTS* output to high. 
1=force RTS* output to low. 


MCR BIT-2: 
O=set OP1* output to high. 
1=set OP1* output to low. 


MCR BIT-3: 
O=set OP2* output to high. 
1=set OP2* output to low. 


MCR BIT-4: 
O=normal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) ,CTS*, DSR*, CD*, and RI* are 
disabled. Internally the transmitter 
output is con- 
nected to the receiver input and DTR*, RTS*, OP1* 
and OP2* are connected to modem control inputs. 
In this mode, the receiver and transmitter interrupts 


are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
nowthe lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER. 


MCR BIT 5-7: 
Not used. Are set to zero permanently. 


This register provides the status of data transfer to 
CPU. 


LSR BIT-O: 
O=nodata in receive holding register 
1=data has been received and saved in the receive 
holding register. 


LSR BIT-1: 
O=nooverrun error (normal). 
1=overrun error, next character arrived before receive 
holding register was emptied. 


LSR BIT-2: 
O=no parity error (normal). 
1=parity error, received data does not have correct 
parity information. 


LSR BIT-3: 
O=noframing error (normal). 
1=framing error received, received data did not have 
a valid stop bit. In 


LSR BIT-4: 
O=no break condition (normal). 
1=receiver received a break signal (RX was low for 
one character time frame). 


LSR BIT-5: 
O=transmit holding register is full. ST16C450 will not 
accept any data for transmission. 
1=transmit holding register is empty. CPU can load 
the next character. 


LSR BIT-6: 
O=transmitter holding and shift registers are full. 
1=transmitter holding and shift registers are empty. 


LSR BIT-7: 
Not used. Set to "0". 


This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 


MSR BIT-O: 
Indicates that the CTS* input to the ST16C450 has 
changed state since the last time it was read. 


MSR BIT-1: 
Indicates that the DSR* input to the ST16C450 has 
changed state since the last time it was read. 


MSR BIT-2: 
Indicates that the RI* input to the ST16C450 has 
changed from a low to a high state. 


MSR BIT-3: 
Indicates that 
the CD* input to the ST16C450 has 
changed state since the last time it was read. 


MSR BIT-4: 
This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 


MSR BIT-5: 
This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 


MSR BIT-6: 
This bit is equivalent to OP1 in the MCR during local 
loop-back mode. It is the compliment of the RI* input. 


MSR BIT-7: 
This bit is equivalent to OP2 in the MCR during local 
loop-back mode. It isthe compliment to the CD* input. 


Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 


ST16C450 provides atemporary data registerto store 
8 bits of information for variable use. 


BAUD 
RATE 
GENERATOR 
PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 


BAUD RATE 
16x CLOCK 
% ERROR 
DIVISOR 
ii 
... 


50 
2304 
75 
1536 
110 
1047 
0.026 
134.5 
857 
0.058 
150 
768 
300 
384 
600 
192 
1200 
96 
2400 
48 
3600 
32 
4800 
24 
7200 
16 
9600 
12 
19.2K 
6 
38.4K 
3 
56K 
2 
2.77 
115.2K 
1 


REGISTERS 
RESET STATE 


IER 
IER BITS 0-7=0 
ISR 
ISR BIT-0=1, ISR BITS 1-7=0 
LCR 
LCR BITS 0-7=0 
MCR 
MCR BITS 0-7=0 
LSR 
LSR BITS 0-4=0, 
LSR BITS 5-6=1 LSR, BIT 7=0 
MSR 
MSR BITS 0-3=0, 
MSR BITS 4-7=input signals 


SIGNAL 
RESET STATE 


TX 
High 
OP1* 
High 
OP2* 
High 
RTS* 
High 
DTR* 
High 
INT 
Low 
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Symbol 
Parameter 
Limits 
Units 
Conditions 


.,' 
Min 
Typ 
Max 


T, 
Clock 
high pulse duration 
50 
ns 
Note: 2 


T2 
Clock 
low pulse duration 
50 
ns 
Note: 2 
T3 
Clock 
rise/fall 
time 
10 
ns 
T4 
Baud out rise/fall 
time 
100 
ns 
100 pF load 
T5 
Address 
strobe width 
30 
ns 
T6 
Address 
setup time 
15 
ns 
T7 
Address 
hold time 
15 
ns 


T. 
Chip select 
setup time 
5 
ns 
T9 
Chip select 
hold time 
0 
ns 


T,o 
CSOUT 
delay from 
chip select 
10 
ns 
Tl1 
IOR* to DDIS* delay 
35 
ns 
100 pF load 


T'2 
Data setup time 
15 
ns 
Note: 1 


T'3 
Data hold time 
15 
ns 
Note: 1 


T'4 
IOW* delay from 
chip select 
10 
ns 
Note: 1 


T'5 
IOW* strobe width 
55 
ns 


T'6 
Chip select 
hold time from 
IOW* 
0 
ns 
Note: 1 
T17 
Write 
cycle delay 
55 
ns 
Tw 
Write 
cycle=T '5+T 17 
105 
ns 


T'9 
Data hold time 
15 
ns 
T21 
IOR* delay from 
chip select 
25 
ns 
Note: 1 
T23 
IOR* strobe width 
65 
ns 
T24 
Chip select 
hold time from 
IOR* 
0 
ns 
Note: 1 
T25 
Read cycle delay 
55 
ns 
Tr 
Read cycle=T23+T25 
115 
ns 
T26 
Delay from 
IOR* to data 
25 
ns 
100 pF load 
T2• 
Delay from 
IOW* 
to output 
50 
ns 
100 pF load 
T29 
Delay to set interrupt 
from 
MODEM 
70 
ns 
100 pF load 
input 
T30 
Delay to reset interrupt 
from 
IOR* 
70 
ns 
100 pF load 
T3, 
Delay from stop to set interrupt 
1Rck 
* 
100 pF load 
T32 
Delay from 
IOR* to reset interrupt 
200 
ns 
100 pF load 
T33 
Delay from 
initial 
INT reset to transmit 
8 
24 
* 
start 


ST16C450 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


T34 
Delay from stop to interrupt 
100 
ns 
T35 
Delay from lOW· 
to reset interrupt 
175 
ns 
N 
Baud rate devisor 
1 
2'6_1 


Note 1: 
Note 2: 


Applicable only when AS· is tied low. 
1.8432 Mhz crystal or External clock. 
• = Baudout· cycle 
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Supply 
range 


Voltage 
at any pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


7 Volts 
GND-0.3 
V to 
VCC+0.3 
V 
00 C to 
+700 
C 
_400 C to +1500 
C 


500 mW 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


V,LCK 
Clock 
input low level 
-0.5 
0.6 
V 


V,HCK 
Clock 
input high level 
3.0 
VCC 
V 


V,L 
Input low level 
-0.5 
0.8 
V 


V,H 
Input high level 
2.2 
VCC 
V 


VOL 
Output 
low level on all outputs 
0.4 
V 
IOL=6 mA 


VOH 
Output 
high level 
2.4 
V 
IOH=-6 mA 


Ice 
Avg. 
power supply 
current 
6 
mA 


I'L 
Input leakage 
±10 
~ 


ICL 
Clock 
leakage 
±10 
~ 
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r DESCRIPTION 
, 


The ST16C1450/51 
is a universal asynchronous re- 
ceiver and transmitter. A programmable baud rate 
generator is provided to select transmit and receive 
clock rates from 50Hz to 448kHz. 
The ST16C1450/51 
isan improved version of the SSI 
73M1550 and SSI 73M2550 UART with higher oper- 
ating speed and lower access time. The ST16C14501 
51 on board status registers 
provides the error 
conditions, type and status of the transfer operation 
being performed. Included is complete MODEM con- 
trol capability, and a processor interrupt system that 
may be software tailored to the !Jser'srequirements. 
The ST16C1450/51 
provides internalloop-backcapa- 
bility for on board diagnostic testing. 
The ST16C1450/51 
is fabricated in an advanced 1.2fl 
CMOS process to achieve low drain power and high 
speed requirements. 


r FEATURES 
, 


• Pin to pin and functional 
compatible 
to SSI 
73M1550/2550 
• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
RI*, CD*) 
• Programmable character lengths (5, 6, 7, 8) 
• Even, odd, orno parity bitgeneration and detection 
• Software compatible with INS8250, NS16C550 
.448 
kHz transmit/receive 
operation with 7.372 
MHz crystal or external clock source 
• 28 Pin plastic-Dip and PLCC package 
• Pin-to-pin compatible to ST16C1550/1551 


I ORDERING 
INFORMATION 


I 


Partnumber 
Package 
Operating temperature 
ST16C1450CP28 
Plastic-DIP 
0° C to + 70° C 
ST16C1450CJ28 
PLCC 
0° C to + 70° C 
ST16C1450CQ48 
TQFP 
0° C to + 70° C 
ST16C1451 CP28 
Plastic-DIP 
0° C to + 70° C 
ST16C1451CJ28 
PLCC 
0° C to + 70° C 
ST16C1451CQ48 
TQFP 
0° C to + 70° C 
'Industrial operating range are available. 
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SYMBOL DESCRIPTION 


Symbol 
Pin 
Signal Type 
Pin Description 


DO-D7 
1-8 
I/O 
Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RX 
9 
I 
Serial data input. The serial information (data) received 
from serial port to ST16C1450 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
localloopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


TX 
10 
0 
Serial data output. The serial data istransmitted via this pin 
with additional start, stop and parity bits. The TX will be held 
in mark (high) state during reset, local loopback mode or 
when the transmitter is disabled. 


CS· 
11 
I 
Chip select (active low). A low at this pin 
enables the 
ST16C1450 / CPU data transfer operation. 


XTAL1 
12 
I 
Crystal input 1 or external clock input. A crystal 
can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generatorforcustom transmis- 
sion rates. 


XTAL2 
13 
I 
Crystal input 2 or buffered clock output. See XTAL 1. 


lOW· 
14 
I 
Write strobe (active low). A Iowan this pin will transfer the 
contents of the CPU data bus to the addressed register. 


GND 
15 
0 
Signal and power ground. 


lOR· 
16 
I 
Read strobe (active low). A low level on this pin transfers 
the contents of the ST16C1450 data bus to the CPU.. 


RI* 
17 
I 
Ring detect indicator(active low). A Iowan this pin indicates 
the modem has received a ringing signal from telephone 
line. 


INT 
18 
0 
Interrupt output. (three state / active high) This pin goes high 


ST16C1450 
ST16C1451 


, Symbol 
sigt,al Type 
" 
Pin Description 
Pin 


(when enabled by the interrupt enable register) whenever a 
receiver error, receiver data available, transmitter empty, 
or modem status condition flag is detected. 


AO-A2 
21-19 
I 
Address select line. To select internal registers. 


RTS* 
22 
0 
Request to send (active low). To indicate that the transmit- 
ter has data ready to send. Writing a "1" in the modem 
control register (MCR bit-1 ) will set this pin to a low state. 
After the reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion. 


DTR* 
23 
0 
Data terminal 
read 
(active 
low). 
To indicate 
that 
ST16C1450 is ready to receive data. 
This pin can be 
controlled via the modem control register (MCR bit-D). 
Writing a "1" atlhe MCR bit-Owill setlhe DTR* outputto low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset. Note that this pin does not have 
any effect on the transmit or receive operation. 


RESET 
24 
I 
Master reset (active high). A high onthis pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CTS* 
25 
I 
Clear to send (active low). The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR bit-4. CTS* has no effect on the transmit 
or receive operation. 


DSR* 
26 
I 
Data set ready (active low). A low on this pin indicates the 
MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


CD* 
27 
I 
Carrier detect (active low). A low on this pin indicates the 
carrier has been detected by the modem. 


VCC 
28 
I 
Power supply input. 
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SYMBOL DESCRIPTION 


Symbol 
Pin 
Signal Type 
Pin Description 


00-07 
1-8 
1/0 
Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RX 
9 
I 
Serial data input. The serial information (data) received 
from serial port to ST16C1451 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
localloopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


TX 
10 
0 
Serial data output. The serial data istransmitted via this pin 
with additional start, stop and parity bits. The TX will be held 
in mark (high) state during reset, local loopback mode or 
when the transmitter is disabled. 


CS* 
11 
I 
Chip select (active low). A low at this pin 
enables the 
ST16C1451I CPU data transfer operation. 


ClK 
12 
I 
External clock input. An external clock can be used to clock 
internal circuit and baud rate generatorforcustom transmis- 
sion rates. 


10W* 
13 
I 
Write strobe (active low). A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


GND 
14 
0 
Signal and power ground. 


10R* 
15 
I 
Read strobe (active low). A low level on this pin transfers 
the contents of the ST16C1451 9ata bus to the CPU. 


RI* 
16 
I 
Ring detect indicator(active low). A low onthis pin indicates 
the modem has received a ringing signal from telephone 
line. 


RST 
17 
0 
Reset output (active high). The ST16C1451 provides a 
buffered reset output which isgated internally with MCR bit- 
2. 


ST16C1450 
ST16C1451 


Symbol 
Pin 
Signal Type 
Pin Description 


INT 
18 
0 
Interrupt output. (three state I active high) This pin goes high 
(when enabled bythe interrupt enable register) whenever a 
receiver error, receiver data available, transmitter empty, 
or modem status condition flag is detected. 


AO-A2 
21-19 
I 
Address select line. To select internal registers. 


RTS* 
22 
0 
Request to send (active low). To indicate that the transmit- 
ter has data ready to send. Writing a 
"1" in the modem 
control register (MCR bit-1 ) will set this pin to a low state. 
Afterthe reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion. 


DTR* 
23 
0 
Data terminal 
read 
(active 
low). 
To indicate 
that 


ST16C1451 is ready to receive data. 
This pin can be 


controlled via the modem control register (MCR bit-O). 
Writing a "1" atthe MCR bit-Owill setthe DTR* outputto low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset. Note that this pin does not have 
any effect on the transmit or receive operation. 


RESET 
24 
I 
Master reset (active high). A high onthis pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CTS* 
25 
I 
Clear to send (active low). The CTS· signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR BIT-4. CTS* has no effect on the transmit 
or receive operation. 


DSR* 
26 
I 
Data set ready (active low). A low on this pin indicates the 
MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


CD* 
27 
I 
Carrier detect (active low). A low on this pin indicates the 
carrier has been detected by the modem. 


VCC 
28 
I 
Power supply input. 
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PROGRAMMING 
TABLE 


A2 
Ai 
AO 
READ 
MODE 
WRITE MODE 


0 
0 
0 
Receive Holding Register 
Transmit Holding Register 
0 
0 
1 
Interrupt Enable Register 
0 
1 
0 
Interrupt Status Register 
0 
1 
1 
Line Control Register 
1 
0 
0 
Modem Control Register 
1 
0 
1 
Line Status Register 
1 
1 
0 
Modem Status Register 
1 
1 
1 
Scratchpad Register 
Scratch pad Register 
0 
0 
0 
LSB of Divisor Latch 
0 
0 
1 
MSB of Divisor Latch 


tJ 
cJ 
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:i 
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A2A1 AO 
Register 
BIT-7 
BIT-6 
BIT-5 
BIT-4 
BIT-3 
BIT-2 
BIT-1 
BIT-O 


0 
0 
0 
RHR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
THR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
1 
IER 
0 
0 
0/ 
0 
modem 
receive 
transmit 
receive 


special 
status 
line 
holding 
holding 


mode 
interrupt 
status 
register 
register 


interrupt 


0 
1 
0 
ISR 
0 
0 
0 
0 
0 
int 
int 
int 


priority 
priority 
status 


bit-1 
bit-O 


0 
1 
1 
LCR 
divisor 
set 
set 
even 
parity 
stop 
word 
word 


latch 
break 
parity 
parity 
enable 
bits 
length 
length 


enable 
bit-1 
bit-O 


1 
0 
0 
MCR 
O/power 
0 
0 
loop 
INT 
SOFT 
RTS* 
OTR* 


down 
back 
enable 
reset 


1 
0 
1 
LSR 
0 
trans. 
trans. 
break 
framing 
parity 
overrun 
receive 


empty 
holding 
interrupt 
error 
error 
error 
data 


empty 
ready 


1 
1 
0 
MSR 
CO 
RI 
OSR 
CTS 
delta 
delta 
delta 
delta 


CO* 
RI* 
OSR* 
CTS* 


1 
1 
1 
SPR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
DLL 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
1 
DLM 
bit-15 
bit-14 
bit-13 
bit-12 
bit-11 
bit-10 
bit-9 
bit-B 
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ACCESSIBLE 
REGISTERS 


A2A1 AD 
Register 
BIT-7 
BIT-6 
BIT-5 
BIT4 
BIT-3 
BIT-2 
BIT-1 
BIT-O 


a 
a 
a 
RHR 
bit-7 
bit-6 
bit-S 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


a 
a 
a 
THR 
bit-7 
bit-6 
bit-S 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


a 
a 
1 
IER 
a 
a 
0/ 
a 
modem 
receive 
transmit 
receive 
special 
status 
line 
holding 
holding 
mod.e 
interrupt 
status 
register 
register 
interrupt 


a 
1 
a 
ISR 
a 
a 
a 
a 
a 
int 
int 
int 
priority 
priority 
status 
bit-1 
bit-O 


a 
1 
1 
LCR 
divisor 
set 
set 
even 
parity 
stop 
word 
word 
latch 
break 
parity 
parity 
enable 
bits 
length 
length 
enable 
bit-1 
bit-O 


1 
a 
a 
MCR 
a/power 
a 
a 
loop 
INT 
SOFT 
RTS* 
OTR* 


down 
back 
enable 
reset 


1 
a 
1 
LSR 
a 
trans. 
trans. 
break 
framing 
parity 
overrun 
receive 
empty 
holding 
interrupt 
error 
error 
error 
data 
empty 
ready 


1 
1 
a 
MSR 
co 
RI 
OSR 
CTS 
delta 
delta 
delta 
delta 
CD" 
RI" 
OSR* 
CTS* 


1 
1 
1 
SPR 
bit-7 
bit-6 
bit-S 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
DLL 
bit·7 
bit-6 
bit·5 
bit-4 
bit·3 
bit-2 
bit-1 
bit·O 


0 
0 
1 
DLM 
bit-15 
bit·14 
bit-13 
bit-12 
bit-11 
bit·10 
bit-9 
bit-8 
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The serial transmitter section consists of a Transmit 
Hold Register (THR) and 
Transmit Shift Register 
(TSR). The status of the transmit hold register 
is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-DO) to the Transmit holding register when- 
ever the transmitter 
holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that 
a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 
On the falling edge ofthe start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike onthe RX input. Receiver status codes will 
be posted in the Line Status Register. 


The ST16C1450/51 contains a programmable Baud 
Rate Generator that is capable of taking any clock 
input from DC-8 MHz and dividing it by any divisor 
from 1to 2'6-1. The output frequency of the Baudout* 
is 
equal 
to 
16X 
of 
transmission 
baud 
rate 
(Baudout*=16 x Baud Rate). Customize Baud Rates 
can be achieved by selecting proper divisor values for 
MSB and LSB of baud rate generator. 


The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 


IER BIT-O: 
O=disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 


IER BIT-1: 
O=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 


IER BIT-2: 
O=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 


IER BIT-3: 
O=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 


IER BIT-5: 
O=normal ST16C450 mode. 
1=special mode. Enable power down and SOFT rest. 


IER BIT 4,6-7: 
All these bits are set to logic zero. 


The ST16C1450/51 provides four level prioritized 
interrupt conditions to minimize software overhead 
during data character transfers. The Interrupt Status 
Register (ISR) provides the source of the interrupt in 
prioritized 
matter. 
During 
the 
read 
cycle 
the 
ST16C1450/51 provides the highest interrupt level to 
beserviced by CPU. No other interrupts are acknowl- 
edged until the particular interrupt is serviced. The 
following are the prioritized 
interrupt levels: 


P 
02 
01 
DO 
Source of the interrupt 


1 
1 
1 
0 
LSR 
(Receiver Line Status 
Register) 
2 
1 
0 
0 
RXRDY 
(Received 
Data 
Ready) 
3 
0 
1 
0 
TXRDY( Transmitter Holding 
Register Empty) 
4 
0 
0 
0 
MSR (Modem Status Regis- 
ter) 


ISR BIT-O: 
O=aninterrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 
1=no interrupt pending. 


ISR BIT 1-2: 
Logical combination of these bits, provides the high- 
est priority interrupt pending. 


ISR bit 3-7: 
Not used 


The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 


LCR BIT1-0: 
These two bits specify the word length to be transmit- 
ted or received. 


BIT-1 
BIT-O 
Word length 


0 
0 
5 
0 
1 
6 


1 
0 
7 
1 
1 
8 


LCR BIT-2: 
The number of stop bits can be specified by this bit. 


BIT-2 
Word length 
Stop bit(s) 


0 
5,6,7,8 
1 
1 
5 
1-1/2 
1 
6,7,8 
2 


LCR BIT-3: 
Parity or no parity can be selected via this bit. 
O=no parity 
1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 


LCR BIT-4: 
If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 
O=ODDparity isgenerated by forcing an odd number 
of 1's in the transmitted data, receiver also checks for 
same format. 
1= EVEN parity bit isgenerated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 


LCR BIT-S: 
If the parity bit is enabled, LCR 
BIT-5 selects the 
forced parity format. 
LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1, parity bit is forced to 
"0" in the transmitted and received data. 


LCR BIT-6: 
Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
O=normal operating condition. 
1=forces the transmitter output (TX) to go low to alert 
the communication terminal. 


LCR BIT-7: 
The internal baud rate counter latch enable (DLEN). 
O=normal operation. 
1=select divisor latch register. 


This register controls the interface with the MOOEM 
or a peripheral device (RS232). 


MCR BIT-O: 
O=force OTR* output to high. 
1=force OTR* output to low. 


MCR BIT-1: 
O=force RTS* output to high. 
1=force RTS* output to low. 


MCR BIT-2: 
O=normal operation. 
1=software reset, set RST output to high. 


MCR BIT-3: 
O=set INT outputpin to three state mode. 
1=set INT output pin to normal operation mode. 


MCR BIT-4: 
O=normal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) ,CTS*, OSR·, CO·, and RI· are 
disabled. 
Internally the transmitter 
output is con- 
nected to the receiver input and OTR·, RTS·, SOFT 
reset and INT enable are connected to modem control 
inputs. 
In this mode, the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
nowthe lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER. 


MCR BIT 5-6: 
Not used. Are set to zero permanently. 


MCR bit-7: 
O=normal mode. 
1=power down mode. XTAL 1, XTAL2, and baud rate 
generators are disabled. 


ST16C1451 


This register provides the status of data transfer to 
CPU. 


LSR BIT-O: 
O=nodata in receive holding register 
1=data has been received and saved in the receive 
holding register. 


LSR BIT-1: 
O=nooverrun error (normal). 
1=overrun error, next character arrived before receive 
holding register was emptied. 


LSR BIT-2: 
O=no parity error (normal). 
1=parity error, received data does not have correct 
parity information. 


LSR BIT-3: 
O=noframing error (normal). 
1=framing error received, received data did not have 
a valid stop bit. 


LSR BIT-4: 
O=no break condition (normal). 
1=receiver received a break signal (RX was low for 
one character time frame). 


LSR BIT-5: 
O=transmit holding register is full. ST16C1450/51 will 
not accept any data for transmission. 
1=transmit holding register is empty. CPU can load 
the next character. 


LSR BIT-6: 
O=transmitter holding and shift registers are full. 
1=transmitter holding and shift registers are empty. 


LSR BIT-7: 
Not used. 
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This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MOOEM changes state. They 
are set to "0" whenever the CPU reads this register. 


MSR BIT-O: 
Indicates that the CTS* input to the ST16C1450/51 
has changed state since the last time it was read. 


MSR BIT-1: 
Indicates that the OSR* input to the ST16C1450/51 
has changed state since the last time it was read. 


MSR BIT-2: 
Indicates that the RI* input to the ST16C1450/51 
has 
changed from a low to a high state. 


MSR BIT-3: 
Indicates that the CO* input to the ST16C1450/51 
has 
changed state since the last time it was read. 


MSR BIT-4: 
This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 


MSR BIT-5: 
This bit is equivalent to OTR in the MCR during local 
loop-back mode. It is the compliment of the OSR* 
input. 


MSR BIT-6: 
This bit is equivalent to SOFT reset in the MCR during 
local loop-back mode. It is the compliment of the RI* 
input. 


MSR BIT-7: 
This bit is equivalent to INT enable in the MCR during 
local loop-back mode. It is the compliment to the CO* 
input. 
Note: Whenever MSR BIT3-0: is set to logic "1", a 
MOOEM Status Interrupt is generated. 


ST16C1450/51 
provides a temporary data register to 
store 8 bits of information for variable use. 


BAUD 
RATE 
GENERATOR 
PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 


BAUD RATE 
16 x CLOCK 
% ERROR 
DIVISOR 


50 
2304 
75 
1536 
110 
1047 
0.026 
150 
768 
300 
384 
600 
192 
1200 
96 
2400 
48 
3600 
32 
4800 
24 
7200 
16 
9600 
12 
19.2K 
6 
38.4K 
3 
56K 
2 
2.77 
115.2K 
1 


REGISTERS 
RESET STATE 


IER 
IER BITS 0-7=0 
ISR 
ISR BIT-0=1, ISR BITS 1-7=0 
LCR 
LCR BITS 0-7=0 
MCR 
MCR BITS 0-7=0 
LSR 
LSR BITS 0-4=0, 
LSR BITS 5-6=1 LSR, BIT 7=0 
MSR 
MSR BITS 0-3=0, 
MSR BITS 4-7=input signals 
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SIGNALS 
RESET STATE 


TX 
High 
SOFT reset 
High 
RTS* 
High 
DTR* 
High 
INT 
Three state mode 


DO 
vcc 
DO 
VCC 


01 
CO· 
01 
CD" 


02 
OSR· 
02 
OSR· 


03 
CTS· 
03 
CTS· 


D4 
RESET 
04 
RESET 


os 
OTR· 
05 
OTR" 


D6 
RTS· 
D6 
RTS" 


07 
AO 
07 
AO 


RX 
A1 
RX 
A1 


TX 
A2 
TX 
A2 


CS· 
INT 
CS· 
INT 


XTAL1 
Rr 
CLK 
RST 


XTAL2 
lOR· 
1c:NV" 
Rr 


'ON" 
GNO 
GNO 
lOR" 


.•.. 
(,) 
CD.•.. 


~ 
ABSOLUTE 
MAXIMUM RATINGS 


Supply 
range 
Voltage 
at any pin 
Operating 
temperature 


Storage 
temperature 
Package 
dissipation 


7 Volts 
GND-0.3 
V to 
VCC+0.3 
V 
o· C to +70· C 


_400 C to +1500 
C 
500 mW 


Symbol 


.,. 


Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


VILCK 
Clock 
input low level 
-0.5 
0.6 
V 
VIHCK 
Clock 
input high level 
3.0 
VCC 
V 


VIL 
Input low level 
-0.5 
0.8 
V 


VIH 
Input high level 
2.2 
VCC 
V 


VOL 
Output 
low level on all outputs 
0.4 
V 
IOL=6 mA 
VOH 
Output 
high level 
2.4 
V 
'OH=-6 mA 
Icc 
Avg. 
power supply 
current 
6 
mA 


IlL 
Input leakage 
±10 
~ 


ICL 
Clock 
leakage 
±10 
~ 
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Symbol 
Parameter 
, 


Limits 
Units 
Conditions 
Min 
Typ 
Max 


T, 
Clock 
high pulse duration 
50 
ns 
Note: 
1 
T2 
Clock 
low pulse duration 
50 
ns 
Note: 
1 
T3 
Clock 
rise/fall 
time 
10 
ns 
T8 
Chip select 
setup time 
5 
ns 
T9 
Chip select 
hold time 
0 
ns 


T'2 
Data setup time 
15 
ns 


T'3 
Data hold time 
15 
ns 


T,. 
IOW* delay from 
chip select 
10 
ns 


T'5 
IOW* strobe width 
50 
ns 


T'6 
Chip select 
hold time from 
IOW* 
0 
ns 
T17 
Write 
cycle delay 
55 
ns 
Tw 
Write 
cycle=T'5+T17 
105 
ns 


T'9 
Data hold time 
15 
ns 
T21 
IOR* delay from 
chip select 
10 
ns 
T23 
IOR* strobe width 
65 
ns 
T24 
Chip select 
hold time from 
IOR* 
0 
ns 
T25 
Read cycle delay 
55 
ns 
Tr 
Read cycle=T 23+T25 
105 
ns 
T26 
Delay from 
IOR* to data 
35 
ns 
100 pF load 
T28 
Delay from 
IOW* to output 
50 
ns 
100 pF load 
T29 
Delay to set interrupt 
from 
MODEM 
70 
ns 
100 pF load 
input 
T30 
Delay to reset interrupt 
from 
IOR* 
70 
ns 
100 pF load 
T31 
Delay from stop to set interrupt 
1Rcl< 
* 
100 pF load 
T32 
Delay from 
IOR* to reset interrupt 
200 
ns 
100 pF load 
T33 
Delay from 
initial 
INT reset to transmit 
8 
24 
* 
start 
T34 
Delay from stop to interrupt 
100 
ns 
T35 
Delay from 
IOW* 
to reset interrupt 
175 
ns 


N 
Baud rate devisor 
1 
2'6_1 


1.8432 
MHz crystal 
or External 
clock 
* = Baudout* 
cycle 


,.........•..•...•.................. 
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r DESCRIPTION 
, 


The ST16C2450 is a dual universal asynchronous 
receiver and transmitter. Independent programmable 
baud rate generators are provided to select transmit 
and receive clock rates from 50Hz to 448kHz for each 
UART section. 
The ST16C2450 
is an improved 
version 
of the 
NS16C450 UART with higher operating speed and 
lower access time. The ST16C2450 on board status 
registers 
provides the error 
conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C2450 
provides internal loop-back capability for on board 
diagnostic testing. 
The ST16C2450 is fabricated in an advanced 1.2lJ. 
CMOS process to achieve low drain power and high 
speed requirements. 


r FEATURES 
, 


• Functional compatible to NS16450, VL16C450, 
WD16C450 
• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
RI*, CD*) 
• Programmable character lengths (5, 6, 7, 8) 
• Even, odd, orno parity bit generation and detection 
• Status report register 
• Independent transmit and receive control 
• TIL compatible inputs, outputs 
.448 
kHz transmit/receive 
operation with 7.372 
MHz crystal or external clock source 


r ORDERING 
INFORMATION 
, 


Partnumber 
Package 
Operatingtemperature 
ST16C2450CP40 
Plastic-DIP 
0° C to + 70° C 
ST16C2450CJ44 
PLCC 
0° C to + 70° C 
"Industrial operating range are available 


VCC 


RIA· 


CDA· 


37 
DSRA· 


CTSA· 


RESET 


DTRB" 


0 
DTRA· 
..•. 
ll.. 
RTSA· 


RXA 
g 
31 
OPA· 
LO 


TXA 
~ 
30 
INTA 
<0 
TXB 
.•.. 
INTB 
l- 
I/) 
OPB· 
AO 


CSA· 
A1 


CSB· 
26 
A2 


XTAL1 
25 
CTSB· 


XTAl.2 
RTSB· 


lOW' 
RIB· 


COB· 
DSRB· 


GND 
lOR· 


I.··.·····.·.·.···················· 


1 


.h 


,. 


INTERRUPT 
CONTROL 
DATA 
LOGIC 
LOGIC 
BUS 


I 
T 
I 


~ 
•... 


Qn 
0 
••• 
m 
;Or 
SAUD RATE 
r;:: 
no 
00 
en 
GENERATOR 
~o 
=l;>; 
Oz 
;Xl 
...• 


r'-··-··-··-··-·'.i 
0 
r 
~ 
, 
! 
I 


i 
~ 


RECEIVE 
TRANSMIT 


CONTROL 
CONTOL 
LOGIC (DUAL) 
LOGIC (DUAL) 


RTSA", DTRA" 
OPN.OPS" 
RTSB", DTRS" 


CTSA*, DSRA" 
CTSB*, DSRS" 
CDN,RIA" 
CDS",RIS" 


en 
--I 
~ 
0')o 
N 
~c.no 
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Symbol 


... 
Pin 
SignaLType ••. 
Pin Description 
. 
: . 


00-07 
1-8 
I/O 
Si-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RXAlS 
10,9 
I 
Serial data input AlS. The serial information (data) received 
from serial port to ST16C2450 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
localloopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


TXAlS 
11,12 
0 
Serial data output AlS. The serial data is transmitted via 
this pinwith additional start, stop and parity bits. The TX will 
be held in mark (high) state during reset, local loopback 
mode or when the transmitter is disabled. 


CS AlS· 
14,15 
I 
Chip select AlS. (active low) A low at this pin enables the 
ST16C2450 / CPU data transfer operation. 


XTAL1 
16 
I 
Crystal input 1 or external clock input. A crystal 
can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generatorforcustom transmis- 
sion rates. 


XTAL2 
17 
I 
Crystal input 2 or buffered clock output. See XTAL 1. 


lOW· 
18 
I 
Write strobe. (active low) A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


lOR· 
21 
I 
Read strobe. (active low) A low level on this pin transfers 
the contents of the ST16C2450 data bus to the CPU. 


AO-A2 
28-26 
I 
Address select lines. To select internal registers. 


INT AlS 
30,29 
0 
Interrupt output AlS. (active high) This pin goes high (when 
enabled by the interrupt enable register) whenever a re- 
ceiver error, receiver data available, transmitter empty, or 
modem status condition flag is detected. 


I· .•••••••••••• •••••••·••••·•••••• 
••··•••· 
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Interrupt enable output (active low). 
This pin stays high 
when INT out pin is set to three state mode and goes low 
when INT pin is enabled via OP2*. See bit-3 modem control 
register (MCR bit-3). 


Request to send A1B (active low). To indicate that the 
transmitter has data ready to send. Writing a "1" in the 
modem control register (MCR bit-1 ) will set this pin to a low 
state. After the reset this pin will be set to high. Note that 
this pin does not have any effect on the transmit or receive 
operation. 


Data terminal ready 
A1B (active low). 
To indicate that 
ST16C2450 is ready to receive data. 
This pin can be 
controlled via the modem control register (MCR bit-O). 
Writing a "1" atthe MCR bit-Owill setthe DTR*outputto low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset. Note that this pin does not have 
any effect on the transmit or receive operation. 


Master reset. (active high)A high onthis pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


Clear to send A1B (active low). The CTS* signal is a 
MODEM control function input whose conditions can be 
tested by reading the MSR BIT-4. CTS* has no effect onthe 
transmit or receive operation. 


Data set ready A/B (active low). A low on this pin indicates 
the MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


Carrier detect A1B(active low). A low on this pin indicates 
the carrier has been detected by the modem. 


Ring detect indicator A1B (active low). A low on this pin 
indicates the modem has received a ringing signal from 
telephone line. 
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Symbol 
I> 
Pin 
Signal Type 
Pin Description 


... 
, 
, 
.,.", 


VCC 
40 
I 
Power supply input. 


GND 
20 
0 
Signal and power ground. 


A2 
A1 
AO 
READ 
MODE 
WRITE MODE 


.' 


0 
0 
0 
Receive Holding Register 
Transmit Holding Register 
0 
0 
1 
Interrupt Enable Register 
0 
1 
0 
Interrupt Status Register 
0 
1 
1 
Line Control Register 
1 
0 
0 
Modem Control Register 
1 
0 
1 
Line Status Register 
1 
1 
0 
Modem Status Register 
1 
1 
1 
Scratchpad Register 
Scratch pad Register 
0 
0 
0 
LSB of Divisor Latch 
0 
0 
1 
MSB of Divisor Latch 
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A2A1AO 
Register 
BIT-! 
BIT-6 
BIT-S 
BIT4 
BIT-3 
BIT-2 
BIT-1 
BIT-D 


0 
0 
0 
RHR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
THR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
1 
IER 
0 
0 
0 
0 
modem 
receive 
transmit 
receive 
status 
line 
holding 
holding 
interrupt 
status 
register 
register 
interrupt 


0 
1 
0 
ISR 
0 
0 
0 
0 
0 
int 
int 
int 
priority 
priority 
status 
bit-1 
bit-O 


0 
1 
1 
LCR 
divisor 
set 
set 
even 
parity 
stop 
word 
word 
latch 
break 
parity 
parity 
enable 
bits 
length 
length 
enable 
bit-1 
bit-O 


1 
0 
0 
MCR 
0 
0 
0 
loop 
OP2/ 
Not 
RTS* 
DTR* 
back 
INT 
used 
enable 


1 
0 
1 
LSR 
0 
trans. 
trans. 
break 
framing 
parity 
overrun 
receive 
empty 
holding 
interrupt 
error 
error 
error 
data 
empty 
ready 


1 
1 
0 
MSR 
CD 
RI 
DSR 
CTS 
delta 
delta 
delta 
delta 
CD* 
RI* 
DSR* 
CTS* 


1 
1 
1 
SPR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
DLL 
bit-7 
bit-6 
bit-S 
bit-4 
bit-3 
bit-2 
bit-1 
bit·O 


'0 
0 
1 
DLM 
bit-1S 
bit-14 
bit·13 
bit-12 
bit-11 
bit-10 
bit-9 
bit-B 
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The serial transmitter section consists of a Transmit 
Hold Register (THR) and 
Transmit Shift Register 
(TSR). The status of the transmit hold register 
is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-DO)tothe Transmit holding register whenever 
the transmitter 
holding register or transmitter shift 


register is empty. The transmit holding register empty 
flag will be set to "1" when the transmitter is empty or 
data is transferred to the transmit shift register. Note 
that a write operation should be performed when the 
transmit holding register empty flag is set. 
On the falling edge of the start bit,the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which isthe center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike onthe RX input. Receiver status codes will 
be posted in the Line Status Register. 


The ST16C2450 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-8 MHz and dividing it by any divisor from 1 
to 2'6 -1. The output 
frequency of the Baudout* is 
equal to 16X of transmission baud rate (Baudout*=16 
x Baud Rate). Customize Baud Ratescan beachieved 
by selecting proper divisor values for MSB and LSB of 
baud rate generator. 


The Interrupt 
Enable 
Register 
(IER) masks the 
incoming interrupts from receiver ready, transmitter 
empty, line status and modem status registers to the 
INT output pin. 


IER BIT-O: 
O=disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 


IER BIT-1: 
O=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 


IER BIT-2: 
O=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 


IER BIT-3: 
O=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 


IER BIT 4-7: 
All these bits are set to logic zero. 


The ST16C2450 
provides 
four 
level 
prioritized 
interrupt conditions to minimize software overhead 
during data character transfers. The Interrupt Status 
Register (ISR) provides the source of the interrupt in 
prioritized matter. Duringthe readcyclethe ST16C2450 
provides the highest interrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized interrupt levels: 


P 
02 
01 


".,. 
. 
.. 
"',, 
, 


DO 
Source of the interrupt 


1 
1 
1 
0 
LSR 
(Receiver Line Status 
Register) 
2 
1 
0 
0 
RXRDY 
(Received 
Data 
Ready) 
3 
0 
1 
0 
TXRDY( Transmitter Holding 
Register Empty) 
4 
0 
0 
0 
MSR (Modem Status Regis- 
ter) 


1·.·...·... 1'··.···.···.··.··'..·..·· 
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ISR BIT-O: 
O=aninterrupt is pending andthe ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 
1=no interrupt pending. 


ISR BIT 1-2: 
Logical combination of these bits, provides the highest 
priority interrupt pending. 


ISR BIT 3-7: 
These bits are not used and are set to "0". 


The Line Control Register is used to specify the 
asynchronous 
data 
communication 
format. 
The 
numberofthe word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 


LCR BIT1-o: 
Thesetwo bitsspecify the word lengthto betransmitted 
or received. 


BIT-1 
BIT-o 
Word length 


a 
a 
5 
a 
1 
6 


1 
a 
7 
1 
1 
8 


LCR BIT-2: 
The number of stop bits can be specified by this bit. 


BIT-2 
Word length 
Stop bit(s) 


. 
a 
5,6,7,8 
1 
1 
5 
1-1/2 
1 
6,7,8 
2 


LCR BIT-3: 
Parity or no parity can be selected via this bit. 
O=no parity 
1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 


LCR BIT-4: 
Ifthe parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 
O=ODDparity is generated by forcing an odd number 
of 1's in the transmitted data, receiver also checks for 
same format. 
1= EVEN parity bit isgenerated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 


LCR BIT-S: 
If the parity bit is enabled, LCR 
BIT-5 selects the 
forced parity format. 
LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1, parity bit is forced to 
"0" in the transmitted and received data. 


LCR BIT-6: 
Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
O=normal operating condition. 
1=forces the transmitter output (TX) to go low to alert 
the communication terminal. 


LCR BIT-7: 
The internal baud rate counter latch enable (DLEN). 
O=normaloperation. 
1=select divisor latch register. 


This register controls the interface with the MODEM 
or a peripheral device (RS232). 


MCR BIT-O: 
O=force DTR* output to high. 
1=force DTR* output to low. 
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MCR BIT-1: 
O=force RTS* output to high. 
1=force RTS* output to low. 


MCR BIT-2: 
not used except in local loop-back mode. 


MCR BIT-3: 
O=set INT output pin to three state mode and OP2* 
output to high. 
1=set INT output pin to normal operating mode and 
OP2* output to low. 


MCR BIT-4: 
O=normal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) ,CTS*, DSR*, CD*, and RI* are 
disabled. Internally the transmitter output isconnected 
to the receiver input and DTR*, RTS*, MCR bit-2 and 
OP2*/INT enable are 
connected to modem control 
inputs. 
In this mode, the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
nowthe lower four bits ofthe Modem Control Register 
insteadofthefourModem Control inputs.The interrupts 
are still controlled by the IER. 


MCR BIT 5-7: 
Not used. Are set to zero permanently. 


This register provides the status of data transfer to 
CPU. 


LSR BIT-G: 
O=nodata in receive holding register 
1=data has been received and saved in the receive 
holding register. 


O=nooverrun error (normal). 
1=overrun error, next character arrived before receive 
holding register was emptied. 


LSR BIT-2: 
O=no parity error (normal). 
1=parity error, received data does not have correct 
parity information. 


LSR BIT-3: 
II 
O=noframing error (normal). 
1=framing error received, received data did not have 
a valid stop bit. In 


LSR BIT-4: 
O=no break condition (normal). 
1=receiver received a break signal (RX was low for 
one character time frame). 


LSR BIT-5: 
O=transmit holding register is full. ST16C2450 will not 
accept any data for transmission. 
1=transmit holding register is empty. CPU can load 
the next character. 


LSR BIT-6: 
O=transmitter holding and shift registers are full. 
1=transmitter holding and sh'jft registers are empty. 


LSR BIT-7: 
Not used. Set to "0". 


This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 


MSR BIT-O: 
Indicates that the CTS* input to the ST16C2450 has 
changed state since the last time it was read. 


MSR BIT-1: 
Indicates that the DSR* input to the ST16C2450 has 
changed state since the last time it was read. 


MSR BIT-2: 
Indicates that the RI* input to the ST16C2450 has 
changed from a low to a high state. 


MSR BIT-3: 
Indicates that the CD* input to the ST16C2450 has 
changed state since the last time it was read. 


MSR BIT-4: 
This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 


MSR BIT-5: 
This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 


MSR BIT-6: 
This bit is equivalent to MCR bit-2 during local loop- 
back mode. It is the compliment of the RI* input. 


MSR BIT-7: 
This bit is equivalent to OP2*/INT enable in the MCR 
during local loop-back mode. It is the compliment to 
the CD* input. 


Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 


SIGNALS 
RESET STATE 


TX 
High 
OP2* 
High 
RTS* 
High 
DTR* 
High 
INT 
Three state mode 


ST16C2450 provides a temporary data register to 
store 8 bits of information for variable use. 


BAUD 
RATE 
GENERATOR 
PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 


BAUD RATE 
16 x CLOCK 
% ERROR 
DIVISOR 


50 
2304 
75 
1536 
110 
1047 
0.026 
134.5 
857 
0.058 
150 
768 
300 
384 
600 
192 
1200 
96 
2400 
48 
3600 
32 
4800 
24 
7200 
16 
9600 
12 
19.2K 
6 
38.4K 
3 
56K 
2 
2.77 
115.2K 
1 


REGISTERS 
RESET STATE 


IER 
IER BITS 0-7=0 
ISR 
ISR BIT-0=1, ISR BITS 1-7=0 
LCR 
LCR BITS 0-7=0 
MCR 
MCR BITS 0-7=0 
LSR 
LSR BITS 0-4=0, 
LSR BITS 5-6=1 LSR, BIT 7=0 
MSR 
MSR BITS 0-3=0, 
MSR BITS 4-7=input signal 
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Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


T, 
Clock 
high pulse duration 
50 
ns 


T2 
Clock 
low pulse duration 
50 
ns 
External 
clock 


T3 
Clock 
rise/fall 
time 
10 
ns 
T8 
Chip select 
setup time 
15 
ns 


T. 
Chip select 
hold time 
0 
ns 


T'2 
Data set up time 
15 
ns 


T" 
Data hold time 
15 
ns 


T'4 
lOW· 
delay from chip select 
10 
ns 
T'5 
lOW· 
strobe width 
50 
ns 


T'6 
Chip select 
hold time from 
lOW· 
0 
ns 
T17 
Write 
cycle delay 
55 
ns 
Tw 
Write 
cycle=T'5+T17 
105 
ns 


T,. 
Data hold time 
15 
ns 
T2, 
lOR· 
delay from chip select 
10 
ns 
T23 
lOR· 
strobe width 
65 
ns 
T24 
Chip select 
hold time from 
lOR· 
0 
ns 
T25 
Read cycle delay 
55 
ns 
Tr 
Read cycle=T23+T25 
115 
ns 
T26 
Delay from 
lOR· 
to data 
35 
ns 
100 pF load 
T28 
Delay from 
lOW· 
to output 
50 
ns 
100 pF load 
Tzg 
Delay to set interrupt 
from 
MODEM 
70 
ns 
100 pF load 
input 
T30 
Delay to reset interrupt 
from 
lOR· 
70 
ns 
100 pF load 
T31 
Delay from stop to set interrupt 
1RcI< 
ns 
100 pF load 
T32 
Delay from 
lOR· 
to reset interrupt 
200 
ns 
100 pF load 
T33 
Delay from 
initial 
INT reset to transmit 
8 
24 
. 


start 
T34 
Delay from stop to interrupt 
100 
ns 
T35 
Delay from 
lOW· 
to reset interrupt 
175 
ns 


N 
Baud rate devisor 
1 
2'6_1 
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Supply 
range 
Voltage 
at any pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


7 Volts 
GND-0.3 
V to 
VCC+0.3 
V 
00 C to 
+700 C 
_400 C to +1500 
C 
500 mW 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


V1LCK 
Clock 
input low level 
-0.5 
0.6 
V 


V1HCK 
Clock 
input high level 
3.0 
VCC 
V 


V1L 
Input low level 
-0.5 
0.8 
V 


V1H 
Input high level 
2.2 
VCC 
V 


VOL 
Output 
low level on all outputs 
0.4 
V 
IOL=6 mA 


VOH 
Output 
high level 
2.4 
V 
IOH=-6 mA 


Icc 
Avg power supply 
current 
6 
mA 


IlL 
Input leakage 
±10 
~A 
ICL 
Clock 
leakage 
±10 
~A 
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r DESCRIPTION 
, 


The ST16C454 is a quad universal asynchronous 
receiver and transmitter. A programmable baud rate 
generator is provided to select transmit and receive 
clock rates from 50Hz to 448kHz. 
The ST16C454 
is an improved 
version 
of the 
NS16C450 UART with higher operating speed and 
lower access time. The ST16C454 on board status 
registers 
provides the error 
conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C454 
provides internal loop-back capability for on board 
diagnostic testing. 
The ST16C454 is fabricated in an advanced 1.21! 
CMOS process to achieve low drain power and high 
speed requirements. 


r FEATURES 
, 


• Quad ST16C450 
• Pin-to-pin compatible to ST16C554 
• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
RI*, CD*) 
• Programmable character lengths (5,6,7,8) 
• Even, odd, orno parity bitgeneration and detection 
• Status report register 
• Independent transmit and receive control 
• TTL compatible inputs, outputs 
.448 
kHz transmiUreceive 
operation with 7.372 
MHz crystal or external clock source 


r ORDERING 
INFORMATION 


I 


Part number 
ST16C454CJ68 
ST16C4541J68 


Package 
PLCC 
PLCC 


Operating 
temperature 
0° C to + 70° C 
_40° C to + 85° C 


PLCC Package 


! ! ! 8 S Q 8 ~ ~ ~ ~ 
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RECEIVE 
TRANSMIT 
CONTROL 
CONTOL 
LOGIC (QUAD) 
LOGIC (QUAD) 


RTSA',DTRN 
RTSS',DTRS' 
RTSC' , DTRC' 
RTSD', 
DTRD' 


CTSN,DSRN 
CTSS',OSRS' 
CON,RIN 
CDS',RIS' 
CTSC', 
RTSC' 
CDC', 
RIC' 
CTSO', 
RTSO' 
COO', 
RIO' 
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Symbol 


.< 
Pin 
Slgr\al TYpe 
.<: 
Pin Description 
..": 


.., 
,.< 
,.:. 
., 


DO-D7 
5-66 
I/O 
Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RX A-.B 
7,29 
RXC-D 
41,63 
I 
Serial data input. The serial information (data) received 
from serial port to ST16C454 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
localloopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


TXA-B 
17,19 
TXC-D 
51,53 
0 
Serial data output. The serial data istransmitted via this pin 
with additional start, stop and parity bits. The TXwili be held 
in mark (high) state during reset, local loopback mode or 
when the transmitter is disabled. 
CS A-B* 
16,20 
CS C-D* 
50,54 
I 
Chip select (active low). A low 
at this pin enables the 
ST16C454 
I CPU data transfer operation. Each UART 
section of the ST16C454 can be accessed independently. 


XTAL1 
35 
I 
Crystal input 1 or external clock input. A crystal 
can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generatorforcustom transmis- 
sion rates. 


XTAL2 
36 
0 
Crystal input 2 or buffered clock output. See XTAL 1. 


10W* 
18 
I 
Write strobe (active low). A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


GND 
6,23 
GND 
40,57 
0 
Signal and power ground. 


10R* 
52 
I 
Read strobe (active low.) A low level on this pin transfers 
the contents of the ST16C454 data bus to the CPU. 


RXRDY* 
38 
0 
Receive data ready (active low). This pin is the inverted 
output of internally "or-ed" four received data (LSR Bit-O) 
bits. Goes low when one of the UART's contains data in the 
receive holding register. 


I·····.·.··· ••. 
··.·.·.·.···.············· 
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INT A-B 
INT CoD 
15,21 
49,55 


RTS A-B* 
RTS C-D* 
14,22 
48,56 


DTR A-B* 
DTR C-D* 
12,24 
46,58 


Interrupt type select. Enable /disable the interrupt three 
state function. Normal interrupt output can be selected by 
connecting this pin to VCC ( MCR bit-3 does not have any 
effect on the interrupt output ). The three state interrupt 
output is selected when this pin is left open or connected to 
GND and MCR bit-3 is set to "1". 


Transmit ready (active high). This pin is the output of 
internally "or-ed" four transmit empty signals (LSR Bit-6). 
This pin stays low when all four transmitters are empty. 


Interrupt output. (active high) This pin goes high (when 
enabled by the interrupt enable register) whenever a re- 
ceiver error, receiver data available, transmitter empty, or 
modem status condition flag is detected. 


Request to send. (active low) To indicate that the transmit- 
ter has data ready to send. Writing a "1" in the modem 
control register (MCR bit-1 ) will set this pin to a low state. 
After the reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion. 


Data terminal 
ready. 
(active 
low) 
To indicate 
that 
ST16C454 is ready to receive data. 
This pin can be 
controlled via the modem control register (MCR bit-a). 
Writing a "1" atthe MCR bit-Owill set the DTR* output to low. 
This pin will be set to high state after writing a "a" to that 
register or after the reset. Note that this pin does not have 
any effect on the transmit or receive operation. 


Master reset. (active high) A high onthis pin will reset all the 
outputs and internal registers. The transmitter output and 


CTS A-B* 
CTS C-D* 


11,25 
45,59 
Clear to send. (active low) The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR BIT-4. CTS* has no effect on the transmit 
or receive operation. 


DSRA-B* 
DSR C-D* 


10,26 
44,60 
Data set ready. (active low) A low on this pin indicates the 
MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


CD A-B* 
9,27 
CD C-D* 
43,61 


RI A-B* 
8,28 
RI C-D* 
42,62 


VCC 
13,30 
VCC 
47,64 


Carrier detect. (active low) A low on this pin indicates the 
carrier has been detected by the modem. 


Ring detect indicator. (active low)A low onthis pin indicates 
the modem has received a ringing signal from telephone 
line. 


A2 
A1 
AO 
READ MODE 
WRITE 
MODE 


, 


,{ 


0 
0 
0 
Receive Holding Register 
Transmit Holding Register 


0 
0 
1 
Interrupt Enable Register 


0 
1 
0 
Interrupt Status Register 


0 
1 
1 
Line Control Register 


1 
0 
0 
Modem Control Register 


1 
0 
1 
Line Status Register 


1 
1 
0 
Modem Status Register 


1 
1 
1 
Scratchpad Register 
Scratchpad Register 


0 
0 
0 
LSB of Divisor Latch 


0 
0 
1 
MSB of Divisor Latch 


,.•............. ,..•.•..••.•... 
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A2A1AO 
Register 
BIT-7 
BIT-6 
BIT-S 
BIT-4 
BIT-3 
BIT-2 
BIT-1 
BIT-o 


0 
0 
0 
RHR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
THR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
1 
IER 
0 
0 
0 
0 
modem 
receive 
transmit 
receive 
status 
line 
holding 
holding 
interrupt 
status 
register 
register 
interrupt 


0 
1 
0 
ISR 
0 
0 
0 
0 
0 
int 
int 
int 
priority 
priority 
status 
bit-1 
bit-O 


0 
1 
1 
LCR 
divisor 
set 
set 
even 
parity 
stop 
word 
word 
latch 
break 
parity 
parity 
enable 
bits 
length 
length 
enable 
bit-1 
bit-O 


1 
0 
0 
MCR 
0 
0 
0 
loop 
INT 
Not 
RTS* 
OTR* 
back 
enable 
used 


1 
0 
1 
LSR 
0 
trans. 
trans. 
break 
framing 
parity 
overrun 
receive 
empty 
holding 
interrupt 
error 
error 
error 
data 
empty 
ready 


1 
1 
0 
MSR 
CO 
RI 
OSR 
CTS 
delta 
delta 
delta 
delta 
CO* 
RI* 
OSR* 
CTS* 


1 
1 
1 
SPR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
DLL 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
1 
DLM 
bit-15 
bit-14 
bit-13 
bit-12 
bit-11 
bit-10 
bit-9 
bit-B 
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The serial transmitter section consists of a Transmit 
Hold Register (THR) and 
Transmit Shift Register 
(TSR). The status of the transmit hold register 
is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-DO) to the Transmit holding register when- 
ever the transmitter 
holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that 
a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 
On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike onthe RX input. Receiver status codes will 
be posted in the Line Status Register. 


The ST16C454 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-8 MHz and dividing it by any divisor from 1 
to 2'6 -1. The output 
frequency of the Baudout* is 
equal to 16X of transmission baud rate (Baudout*=16 
x Baud Rate). 
Customize 
Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 


The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 


IER BIT-O: 
O=disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 


IER BIT-1: 
O=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 


IER BIT-2: 
O=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 


IER BIT-3: 
O=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 


IER BIT 7-4: 
All these bits are set to logic zero. 


The ST16C454 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Interrupt Status Regis- 
ter (ISR) provides the source of the interrupt in priori- 
tized matter. During the read cycle the ST16C454 
provides the highest interrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized interrupt levels: 


P 
02 
01 
DO 
.Source of the interrupt 


1 
1 
1 
0 
LSR 
(Receiver Line Status 
Register) 
2 
1 
0 
0 
RXRDY 
(Received 
Data 
Ready) 
3 
0 
1 
0 
TXRDY( Transmitter Holding 
Register Empty) 
4 
0 
0 
0 
MSR (Modem Status Regis- 
ter) 


ISR BIT-O: 
O=aninterrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 
1=no interrupt pending. 
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ISR BIT 1-2: 
Logical combination of these bits, provides the high- 
est priority interrupt pending. 


ISR BIT 3-7: 
These bits are not used and are set to "0". 


The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 


LCR Bln-O: 
These two bits specify the word length to be transmit- 
ted or received. 


BIT-1 
BIT-o 
Word length 


0 
0 
5 
0 
1 
6 
1 
0 
7 
1 
1 
8 


LCR BIT-2: 
The number of stop bits can be specified by this bit. 


BIT-2 
Word length 
Stop bit(s) 


0 
5,6,7,8 
1 
1 
5 
1-1/2 
1 
6,7,8 
2 


LCR BIT-3: 
Parity or no parity can be selected via this bit. 
O=no parity 
1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 


LCR BIT-4: 
If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 
O=ODDparity isgenerated by forcing an odd number 
of 1's in the transmitted data, receiver also checks for 
same format. 
1= EVEN parity bit isgenerated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 


LCR BIT-5: 
If the parity bit is enabled, LCR 
BIT-5 selects the 
forced parity format. 
LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1, parity bit is forced to 
"0" in the transmitted and received data. 


LCR BIT-6: 
Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
O=normal operating condition. 
1=forces the transmitter output (TX) to go low to alert 
the communication terminal. 


LCR BIT-7: 
The internal baud rate counter latch enable (DLEN). 
O=normal operation. 
1=select divisor latch register. 


This register controls the interface with the MODEM 
or a peripheral device (RS232). 


MCR BIT-O: 
O=force DTR* output to high. 
1=force DTR* output to low. 


MCR BIT-1: 
O=force RTS* output to high. 
1=force RTS* output to low. 


MCR BIT-2: 
Not used except, in internal loop-back mode. 
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MCR BIT-3: 
O=set INT output pin to three state mode. 
1=set INT output pin to normal operating mode. 


MCR BIT-4: 
O=normal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) ,CTS*, DSR*, CD*, and RI* are 
disabled. Internally the transmitter 
output is con- 
nected to the receiver input and DTR*, RTS*, MCR 
bit-2 and INT enable are connected to modem control 
inputs. 
In this mode, the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
nowthe lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER. 


MCR BIT 5-7: 
Not used. Are set to zero permanently. 


This register provides the status of data transfer to 
CPU. 


LSR BIT-O: 
O=nodata in receive holding register 
1=data has been received and saved in the receive 
holding register. 


LSR BIT-1: 
O=nooverrun error (normal). 
1=overrun error, next character arrived before receive 
holding register was emptied. 


LSR BIT-2: 
O=no parity error (normal). 
1=parity error, received data does not have correct 
parity information. 


LSR BIT-3: 
O=noframing error (normal). 


1=framing error received, received data did not have 
a valid stop bit. In 


LSR BIT-4: 
O=no break condition (normal). 
1=receiver received a break signal (RX was low for 
one character time frame). 


~~t~a~~~i~:holding register is full. ST16C454 will not III 
accept any data for transmission. 
1=transmit holding register is empty. CPU can load 
the next character. 


LSR BIT-6: 
O=transmitter holding and shift registers are full. 
1=transmitter holding and shift registers are empty. 


LSR BIT-7: 
Not used. Set to "0". 


This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 


MSR BIT-O: 
Indicates that the CTS* input to the ST16C454 has 
c:;hangedstate since the last time it was read. 


MSR BIT-1: 
Indicates that the DSR* input to the ST16C454 has 
changed state since the last time it was read. 
MSR BIT-2: 
Indicates that the RI* input to the ST16C454 has 
changed from a low to a high state. 


MSR BIT-3: 
Indicates that 
the CD* input to the ST16C454 has 
changed state since the last time it was read. 


MSR BIT-4: 
This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 


MSR BIT-5: 
This bit is equivalent to OTR in the MCR during local 
loop-back mode. It is the compliment of the OSR* 
input. 


MSR BIT-6: 
This bit is equivalent to MCR bit-2 during local loop- 
back mode. It is the compliment of the RI* input. 


MSR BIT-7: 
This bit is equivalent to INT enable in the MCR during 
local loop-back mode. It is the compliment to the CO" 
input. 


Note: Whenever MSR BIT3-0: is set to logic "1", a 
MOOEM Status Interrupt is generated. 


ST16C454 provides atemporary data registerto store 
8 bits of information for variable use. 


SIGNALS 
RESET STATE 


TX 
High 
OP1* 
High 
OP2* 
High 
RTS* 
High 
OTR* 
High 
INT 
Three state 
RxRdy* 
High 


TxRdy 
Low 


BAUO 
RATE 
GENERATOR 
PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 


BAUD RATE 
16 x CLOCK 
% ERROR 
DIVISOR 


50 
2304 
75 
1536 
110 
1047 
0.026 
134.5 
857 
0.058 
150 
768 
300 
384 
600 
192 
1200 
96 
2400 
48 
3600 
32 
4800 
24 
7200 
16 
9600 
12 
19.2K 
6 
38.4K 
3 
56K 
2 
2.77 
115.2K 
1 


REGISTERS 
RESET STATE 


IER 
IER BITS 0-7=0 
ISR 
ISR BIT-0=1, ISR BITS 1-7=0 
LCR 
LCR BITS 0-7=0 
MCR 
MCR BITS 0-7=0 
LSR 
LSR BITS 0-4=0, 
LSR BITS 5-6=1 LSR, BIT 7=0 
MSR 
MSR BITS 0-3=0, 


MSR 
BITS 4-7=input signals 


Symbol 
Parameter 
Limits 
UIIits •.•.. i 
Con~itigns 
... 


Min 
Typ 
Max 


T, 
Clock 
high pulse duration 
50 
ns 
T2 
Clock 
low pulse duration 
50 
ns 
External 
clock 
T3 
Clock 
rise/fall 
time 
10 
ns 
Ts 
Chip select 
setup time 
15 
ns 
T9 
Chip select 
hold time 
0 
ns 


T'2 
Data set up time 
15 
ns 


T'3 
Data hold time 
15 
ns 


T'4 
IOW* delay from chip select 
10 
ns 


T'5 
IOW* strobe width 
50 
ns 


T'6 
Chip select 
hold time from 
IOW* 
0 
ns 


Tn 
Write 
cycle delay 
55 
ns 
Tw 
Write 
cycle=T '5+T n 
105 
ns 


T'9 
Data hold time 
15 
ns 
T21 
IOR* delay from chip select 
10 
ns 
T23 
IOR* strobe width 
65 
ns 
T24 
Chip select 
hold time from 
IOR* 
0 
ns 
T25 
Read cycle delay 
55 
ns 
Tr 
Read cycle=T 23+T25 
115 
ns 
T26 
Delay 
from 
IOR* to data 
35 
ns 
100 pF load 
T2S 
Delay from 
IOW* to output 
50 
ns 
100 pF load 
T29 
Delay to set interrupt 
from 
MODEM 
70 
ns 
100 pF load 
input 
T30 
Delay to reset interrupt 
from 
IOR* 
70 
ns 
100 pF load 
T31 
Delay from stop to set interrupt 
1Rck 
ns 
100 pF load 
T32 
Delay from 
IOR* to reset interrupt 
200 
ITS 
100 pF load 
T33 
Delay from 
initial 
INT reset to transmit 
8 
24 
* 
start 
T34 
Delay from stop to interrupt 
100 
ns 
T35 
Delay from 
IOW* 
to reset interrupt 
175 
ns 
T44 
Delay from stop to set RxRdy 
1ReLK 
T45 
Delay from 
IOR* 
to reset RxRdy 
1 
lJ.S 
T46 
Delay from 
IOW* 
to set TxRdy 
195 
ns 
T47 
Delay from start to reset TxRdy 
8 
* 


N 
Baud rate devisor 
1 
2'6_1 
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Supply 
range 
Voltage 
at any pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


7 Volts 
GND-0.3 
V to 
VCC+0.3 
V 
00 C to 
+700 
C 
_400 C to +1500 
C 
500 mW 


c, 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


V'LCK 
Clock 
input low level 
-0.5 
0.6 
V 


V,HCK 
Clock 
input high level 
3.0 
VCC 
V 


V'L 
Input low level 
-0.5 
0.8 
V 


V,H 
Input high level 
2.2 
VCC 
V 


VOL 
Output 
low level on all outputs 
0.4 
V 
IOL=6 mA 


VOH 
Output 
high level 
2.4 
V 
IOH=-6 mA 


Ice 
Avg. 
power supply 
current 
6 
mA 


I'L 
Input leakage 
±10 
)lA 


ICL 
Clock 
leakage 
±10 
)lA 
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i-i f.- T9 


121 i-- 
123 
125 


. "",-------------- ... 


i-.i f.- T9 


T14 i-- 
T15 
T17 


. 
""14------------- 
••• 


•••••••••••••••••••••••• 


ST16C454 


RTS* 
DTR* 


CD 
CTS 
DSR 


\~I 


~ 
T28 
--------~: 
, 
- 
- 
. 


.... 
.. 
X 
_ 


T29 
~ 
___ 
~/-U 
v 
v 
v 


_______ 
1 


!.. 
..! 


EXTERNAL 
n_: 
v----- 


CLOCK 
--.J1 
\ 
I 
T1 


; 
~_-_~ 
:~ 
-:i- 


T3 
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START 
BIT--I. 
STOP 
BIT-- 


NEXT 
DATA 
START 
BIT 


------~-y 


T32 --..i i.- 


I 
I 
I 
I 
I 
--" 


,.........•......... 
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TRANSMIT TIMING 


START 
BIT-- 
DATA 
BITS (5-8) 
I. 


TXOUT 


5 DATA 
BITS 


I. 
6 DATA 
BITS 
I. 
7 DATA 
BITS 


INTx 
-.i !- 
T33 


STOP 
BIT 
_-----------------.~I 
__ 


, 
, 
, 


PARI1YBIT 
NEXT 
,, 


DATA 
., 
, 


1 
START 
BIT 
I 
.'I 


I 
---.i 
~ 
T34 
,, 
I 
I l 


, 
, 
, 
I, 


1 
I 
T35 - 


t4- 
, 
, 
if 


, 
I,, 
--~ 
-- 
~v 
lOW 
~ 
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START BIT 


~ 
DATA BITS (5-8) 
STOP BIT 


I" 
.1 
~ 


RXINPUT 
(First byte) 


5 DATA BITS 


lOll 
.1 


6 DATA BITS 


I" 
.1 


7 DATA BITS 


~T44 


lOW· U 


~ 


..... 
-'. 
.: 


\\_~~~~-~~./ 
/ 


START 
BIT 
~ 
DATA BITS (5-8) 
STOP 
BIT 
-I"'~---------------~I 
~ 


-.i ~ 
T47 
~v 


------------_/ 
\~- 
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r DESCRIPTION 
I 


The ST68C454 is a quad universal asynchronous 
receiver and transmitter with modem control signals. 
Designed 
to 
interface 
with 
MOTOROLA, 
ROCKWELL, HITACHI bus and other popular micro- 
processors. An internal programmable 
baud rate 
generator is provided to select transmit and receive 
clock rates from 50Hz to 448kHz. 
The ST68C454 is an improved, quad version of the 
NS16450 UART with faster operating access time. 
The on board status registers will provide the error 
conditions, type and status of the transfer operations 
being performed. Complete MODEM control capabil- 
ity, and a processor interrupt system that may be 
software tailored to the user's requirements to mini- 
mize the computing required to handle the communi- 
cations link. 
The ST68C454 is fabricated in an advanced 1.21J. 
CMOS process to achieve low drain power and high 
speed requirements. 


f FEATURES 
, 
. 


• Motorola, Rockwell, Hitachi bus compatible 
• Quad ST16C450 
• Modem control signals (CTS*,RTS*, DSR*, DTR*, 
RI*, CD*) 
• Programmable character lengths (5, 6, 7, 8) 
• Even, odd, or no pa'ritybit generation anddetection 
• Status report register 
• TTL compatible inputs, outputs 
.448 
kHz transmit/receive 
operation with 7.372 
MHz external clock source 


r ORDERING 
INFORMATION 
, 


Part number 
ST68C454CJ68 
ST68C4541J68 


Package 
PLCC 
PLCC 


Operating 
temperature 
O· C to +70· C 
_40· C to +85· C 


I.·.·.·.·.···•.. 
·.·..····.····· 
...·.·.···.·.· 


t 


INTERRUPT 
CONTROL 
DATA 
LOGIC 
LOGIC 
BUS 
II 


-.. 
- 
,...>:: 
•.. 
Qo 
00 
BAUD RATE 
Glo 
;llr" 
_m 
~ 
00 
...••. 
GENERATOR 
0;: 
co 
(QUAD) 
,,0 
=i'" 
cO 
>z 


!.._,._ .._.._.._..J 
o~ 
4 


; 
~O,... 


! 
! 
; 


! 
I 


! 
, 
~ 
~ , 


RECEIVE 
TRANSMIT 
CONTROL 
CONTOL 
LOGIC 
(QUAD) 
LOGIC (QUAD) 


r 
.. 


RTSA', 
OTRA' 
RTSB', 
OTRB' 
RTSC', 
OTRC' 
RTSO', 
OTRO' 


CTSA', 
OSRA' 
CTSB',OSRB' 
COA', 
RIA' 
COB',RIB' 
CTSC', 
RTSC' 
COCo, RIC' 
CTSO', 
RTSO' 
COD', 
RID' 


Si-directional data I/O. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 


~~~:~~~~~~i~~~r~~s~~~~~~sand the first serial data bit to II 
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RXAlS 
RXC/D 
7,29 
41,63 
Serial data input . The serial information received from 
MODEM or RS232 to ST68C454 receive circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
localloopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


TXAlS 
TX C/D 
17,19 
51,53 
Serial data output A. The 
serial data 
of channel A is 
transmitted via this pin with additional start, stop and parity 
bits. The TX will be held in mark (high) state during reset, 
local loopback mode or when the transmitter is disabled. 


Chip select 
(active low). A low at this pin will enable the 
UART A-D CPU data transfer operation. 


Crystal input 1 or external clock input. A crystal 
can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generatorforcustom transmis- 
sion rates. 


ReadlWrite 
strobe. A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. A 
high on this pin will transfer the contents of the ST68C454 
data bus to the CPU. 
CD AlS* 
CD C/D* 
9,27 
43,61 
Carrier detect A-D (active low). A low on this pin indicates 
that carrier has been detected by the modem. 


GND 
GND 
6,23,31 
40,57 


DSRAlS* 
DSR C/D* 
10,26 
44,60 
Data set ready A-D. (active low) A low on this pin indicates 
that MODEM is ready to exchange data with UART. 


Symbol 
Pin 
Signal Type 
Pin Description 


RINS* 
8,28 
RI C/D* 
42,62 
I 
Ring detect A-D indicator. 
(active low) A low on this pin 
indicates that modem has received a ringing signal from 
telephone line. 


RTSNS* 
14,22 
RTS C/D* 
48,56 
0 
Request to send A-D. (active low) To indicate that transmit- 
ter 
has data ready to send. Writing a "1" in the modem 
control register (MCR bit-1 ) will set this pin to low state. 
After the reset this pin will be set to high. 


CTSNS* 
11,25 
CTS C/D* 
45,59 
I 
Clear to send A-D. (active low) 
The 
CTS* signal s a 
MODEM control function input whose conditions can be 
tested by reading the MSR SIT-4. CTS* has no effect onthe 
transmitter output. 


RXRDY* 
38 
0 
Receive data ready (active low). This pin is the inverted 
output of internally "or-ed" four received data (LSR Sit-O) 
bits. Goes low when one of the UART's contains data in the 
receive holding register. 


TXRDY 
39 
0 
Transmit ready (active high). This pin is the output of 
internally "or-ed" four transmit empty signals (LSR Sit-6). 
This pin stays low when all four transmitters are empty. 


A4 
50 
I 
Address line 4. To select one of the four UARTS. 


A3 
20 
I 
Address line 3. To select one of the four UARTS. 


A2 
32 
I 
Address line 2. To select internal registers. 


A1 
33 
I 
Address line 1. To select internal registers. 


AO 
34 
I 
Address line O. To select internal registers. 


IRQ* 
15 
0 
Interrupt output. (active low open collector) This pin goes 
low (when enabled by the interrupt enable register) when- 
ever a receiver error, receiver data available, transmitter 
empty or modem status condition flag isdetected on UART 
A-D. 
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DTRAfS* 
DTR C/D* 


12,24 
46,58 
Data terminal ready A-D. (active low) To indicate that 
ST68C454 is ready to receive data. 
This pin can be 
controlled via the modem control register 
(MCR bit-a). 


Writing a "1" atthe MCR bit-Owill setthe DTR*outputto low. 
This pin will be set to high state after writing a "a" to that 
register or after the reset. 


Master reset. (active low) A low on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


VCC 
VCC 
13,30 
47,64 


I> 
.> 
.> 
» 
.....>. 


1 
X 
X 
X 
a 
a 
a 
UART A 
a 
a 
1 
UART S 
a 
1 
a 
UART C 
a 
1 
1 
UART D 


·.·.·· 
..•.·1·.· ···.··.··.······ 
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A2 
A1 
AD 
READ MODE 
WRITE MODE 


0 
0 
0 
Receive Holding Register 
Transmit Holding Register 
0 
0 
1 
Interrupt Enable Register 
0 
1 
0 
Interrupt Status Register 
0 
1 
1 
Line Control Register 
1 
0 
0 
Modem Control Register 
1 
0 
1 
Line Status Register 
1 
1 
0 
Modem Status Register 
1 
1 
1 
Scratchpad Register 
Scratch pad Register 
0 
0 
0 
LSB of Divisor Latch 
0 
0 
1 
MSB of Divisor Latch 


TRANSMIT AND RECEIVE HOLDING REGISTER 
A-D 
The serial transmitter section consists of a Transmit 
Hold Register A-D and Transmit Shift Register A-D. 
The status of the transmit hold register is provided in 
the Line Status Register A-D. Writing to this register 
will transferthe contents ofthe data bus (D7-DO)to the 
transmit holding register A-D whenever the transmit- 
ter holding register A-D or transmitter shift register A- 
D is empty. The transmit holding register empty A-D 
flag will be set to "1" when the transmitter is empty or 
data is transferred to the transmit shift register A-D. 
Note that awrite operation should be performed when 
the transmit holding register empty flag is set. 
On the falling edge of the start bit,the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which isthe center of the start bit. The start bit is valid 
if the RX A-D is still low at the mid-bit sample of the 
start bit. Verifying the start bit prevents the receiver 
from assembling a false data character due to a low 
going noise spike onthe RXA-D input. Receiverstatus 
codes will be posted in the Line Status Register A-D. 


PROGRAMMABLE 
BAUD RATE GENERATOR 
The ST68C454 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-8 MHz and dividing it by any divisor from 1 


to 2'6 -1. Customize Baud Rates can be achieved by 
selecting proper divisor values for MSB and LSB of 
baud rate generator. 


INTERRUPT ENABLE REGISTER A-D 
The Interrupt Enable Register A-D masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the IRQ· 
output pin. 


IER BIT-O: 
O=disable the receiver ready interrupt 
1=enable the receiver ready interrupt 


IER BIT-1: 
O=disable transmitter empty interrupt 
1=enable transmitter empty interrupt 


IER BIT-2: 
O=disable receiver line status interrupt 
1=enable receiver line status interrupt 


IER BIT-3: 
O=disable the modem status register interrupt 
1=enable the modem status register interrupt 
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IER BIT 7-4: 
All these bits are set to logic zero. 


INTERRUPT STATUS REGISTER A-O 
The ST68C454 provides four level prioritized interrupt 
conditions to minimize software overhead during data 
character transfers. The Interrupt Status Register A- 
D provides the source of the interrupt in prioritized 
manner. During the read cycle, the ST68C454 pro- 
vides the highest interrupt level to be serviced by the 
CPU. No other interrupts are acknowledged until the 
particular interrupt has been serviced. The following 
are the prioritized interrupt levels: 


P 
03 
02 
01 
DO 
Source of the interrupt 


1 
a 
1 
1 
a 
LSR (Receiver Line Sta- 
tus Register) 
2 
a 
1 
a 
a 
RXRDY (Received Data 
Ready) 
3 
a 
a 
1 
a 
TXRDY( 
Transmitter 
Holding Register Empty) 
4 
a 
a 
a 
a 
MSR 
(Modem 
Status 
Register) 


ISR BIT-O: 
O=aninterrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine 
1=no interrupt pending 


ISR BIT 1-2: 
Logical combination of these bits, provides the high- 
est priority interrupt pending. 


ISR BIT 3-7: 
These bits are not used and are set zero. 


LINE CONTROL REGISTER A-O 
The Line Control Register is used to specify the 
asynchronous data communication format. The num- 


ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 


LCR Bln-o: 
These two bits specify the word length to be transmit- 
ted or received. 


00=5 bits word length 
01=6 bits word length 
10=7 bits word length 
11=8 bits word length 


LCR BIT-2: 
The number of stop bits can be specified by this 
bit. 


0=1 stop bit, when word length=5, 6, 7, 8 bits 
1=1 and 1/2 stop bit, when word length=5 bits 
1=2 stop bits, word length=6, 7, 8 bits 


LCR BIT-3: 
Parity or no parity can be selected via this bit. 
O=no parity 
1=a parity bit is generated during the transmission; 
receiver also checks for received parity 


LCR BIT-4: 
If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 
O=oddparity is generated by calculating odd number 
of 1's in the transmitted data; receiver also checks for 
same format. 
1=an even parity bit is generated by calculating the 
number of even 1's in the transmitted data; receiver 
also checks for same format. 


LCR BIT-S: 
If the parity bit is enabled, LCR 
BIT-5 selects the 
forced parity format. 
LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1, parity bit is forced to 
"a" in the transmitted and received data. 


LCR BIT-6: 
Break control bit. 
1=forces the transmitter output (TX A-D) to go low to 
alert the communication terminal 
O=normal operating condition 


LCR BIT-7: 
The internal baud rate counter latch enable (DLEN). 
O=normal operation 
1=select divisor latch register 


MODEM CONTROL REGISTER A-D 
This register controls the interface with the MODEM 
or a peripheral device (RS232). 


MCR BIT-o: 
O=force DTR* output to high 
1=force DTR* output to low 


MCR BIT-1: 
O=forcr RTS* output to high 
1=force RTS* output to low 


MCR BIT2-3: 
x=not used 


MCR BIT-4: 
O=normal operating mode 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX A-D) is set high (Mark condi- 
tion), the Receiver inputs (RX A-D, CTS A-D*, 
DSR 


A-D*, CD A-D*, and RI A-D*) are disabled. Internally, 
the transmitter output is connected to the receiver 
input and DTR A-D*, RTS A-D* and MCR A-D bit2,3 
are connected to modem control inputs. In this mode 
, the receiver and transmitter 
interrupts are fully 


operational. The Modem Control Interrupts are also 
operational, but the interrupt sources are now the 
lower four bits of the Modem Control Register instead 
of the four Modem Control Inputs. The interrupts are 
still controlled by the IER A-D. 


MCR BIT 5-7: 
Not used. Are set to zero permanently. 


LINE STATUS REGISTER A-D 
This register provides the status of data transfer to 
CPU. 


LSR BIT-O: 
O=nodata in receive holding register 
1=a data has been received and saved in the receive 
holding register 


LSR BIT-1: 
O=nooverrun error (normal) 
1=overrun error, 
next character arrived before re- 
ceive holding register was empty 


LSR BIT-2: 
O=no parity error (normal) 
1=parity error, received data does not have correct 
parity information 


LSR BIT-3: 
O=noframing error (normal) 
1=framing error received, received data did not have 
a valid stop bit 


LSR BIT-4: 
O=nobreak condition (normal) 
1=receiver received a break signal (RX was low for 
one character time frame) 


LSR BIT-5: 
O=transmit holding register is full; ST68C454 will not 
accept any data for transmission 
1=transmit holding register is empty; CPU can load 
the next character 


LSR BIT-6: 
O=transmitter holding and shift registers are full 
1=transmitter holding and shift registers are empty 


LSR BIT-7: 
Not used, set to "0". 


MODEM STATUS REGISTER A-D 
This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 


ST68C454 


information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0' whenever the CPU reads this register. 


MSR BIT-O: 
Indicates that the CTS* input to the ST68C454 has 
changed state since the last time it was read. 


MSR BIT-1: 
Indicates that the DSR* input to the ST68C454 has 
changed state since the last time it was read. 


MSR BIT-2: 
Indicates that the RI* input to the ST68C454 has 
changed from a low to a high state. 


MSR BIT-3: 
Indicates that 
the CD* input to the ST68C454 has 
changed state since the last time it was read. 


MSR BIT-4: 
This bit is equivalent to RTS in the MCR. It is the 
compliment of the CTS* input. 


MSR BIT-5: 
This bit is equivalent to DTR 
in the MCR. It is the 
compliment of the DSR* input. 


MSR BIT-6: 
This bit is equivalent to MCR bit-2 during local loop- 
back mode. It is the compliment of the RI* input. 


MSR BIT-7: 
This bit is equivalent to MCR bit-3 during local loop- 
back mode. It is the compliment to the CD* input. 


SCRATCH PAD REGISTER A-D 
ST68C454 provides atemporary data registerto store 
8 bits of information for variable use. 


BAUD 
RATE 
GENERATOR 
PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 


BAUD RATE 
16xCLOCK 
DVISOR 
%ERROR 


50 
2304 
75 
1536 
150 
768 
300 
384 
600 
192 
1200 
96 
2400 
48 
4800 
24 
7200 
16 
9600 
12 
19.2 
6 
38.4K 
3 
56K 
2 
2.77 
115.2K 
1 


REGISTERS 
RESET STATE 


: 


IERA-D 
BITS 0-7=0 
ISR A-D 
BIT-0=1, BIT-7=0 
LCR A-D 
BITS 0-7=0 
MCRA-D 
BITS 0-7=0 
LSR A-D 
BITS 0-4=0, BITS 5-6=1, BIT- 
7=0 
MSRA-D 
BITS 0-3=0, BITS 4-7= input 
signals 


SIGNALS 
RESET STATE 


-, 


TXA-D 
High 
RTS A-D* 
High 
DTRA-D* 
High 
IRQ 
Three state mode 
RXRDY* 
High 
TXRDY 
Low 


ST68C454 


AiAfAQ .Re~ister 
BIT-7 
BIT·6 
BIT-5 
BIT-4 
BIT-3 
BIT-2 
BIT-1 
BIT-G 


0 
0 
0 
RHR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
THR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
1 
IER 
0 
0 
0 
0 
modem 
receive 
transmit 
receive 
status 
line 
holding 
holding 
interrupt 
status 
register 
register 
interrupt 


0 
1 
0 
ISR 
0 
0 
0 
0 
int 
int 
int 
int 
priority 
priority 
priority 
status 
bit-2 
bit-1 
bit-O 


0 
1 
1 
LCR 
divisor 
set 
set 
even 
parity 
stop 
word 
word 
latch 
break 
parity 
parity 
enable 
bits 
length 
length 
enable 
bit-1 
bit-O 


1 
0 
0 
MCR 
0 
0 
0 
loop 
Not 
Not 
RTS* 
DTR* 
back 
used 
used 


1 
0 
1 
LSR 
0 
trans. 
trans. 
break 
framing 
parity 
overrun 
receive 
empty 
holding 
interrupt 
error 
error 
error 
data 
empty 
ready 


1 
1 
0 
MSR 
CD 
RI 
DSR 
CTS 
delta 
delta 
delta 
delta 
CD* 
RI* 
DSR* 
CTS* 


1 
1 
1 
SPR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
DLL 
bit-7 
bit-6 
bit·5 
bit-4 
bit-3 
bit-2 
bit·1 
bit-O 


0 
0 
1 
DLM 
bit-15 
bit· 14 
bit· 13 
bit-12 
bit·11 
bit·10 
bit-9 
bit-S 
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AC ELECTRICAL 
CHARACTERISTICS 


TA=O' - 70' 
C, 
VCC=5.0 
V ± 10% unless otherwise 
specified. 


/Mih 


T, 
Clock 
high pulse duration 
50 
ns 


T2 
Clock 
low pulse duration 
50 
ns 


T3 
Clock 
rise/fall 
time 
10 
ns 


Ts 
Chip select 
setup time 
5 
ns 
Tg 
Chip select 
hold time 
0 
ns 


T'2 
Data setup time 
15 
ns 
T'3 
Data hold time from write or CS* 
15 
ns 


T,. 
Write 
set up time 
10 
ns 


T'5 
Write 
strobe width 
50 
ns 


T'6 
Chip select 
hold time from write 
15 
ns 


T17 
Write 
cycle delay 
45 
ns 


T,s 
Data setup time 
15 
ns 


Tw 
Write 
cycle=T,5+T17 
105 
ns 


T2• 
Data hold time 
0 
ns 


T>:> 
Read cycle delay 
25 
ns 


Tr 
Read cycle=T,s+T25 
105 
ns 


T27 
Chip select 
pulse width 
75 
ns 


T2S 
Delay from Write 
to output 
50 
ns 
T29 
Delay to set interrupt 
from 
MODEM 
35 
ns 
input 


T31 
Delay from stop to set interrupt 
1Rei< 
ns 
T32 
Delay from 
Read to reset interrupt 
200 
ns 
T33 
Delay from 
initial 
IRQ* 
reset to 
8 
24 


transmit 
start 
T34 
Delay 
from stop to interrupt 
100 
ns 
T35 
Delay from Write 
to reset interrupt 
75 
ns 


T•• 
Delay from stop to set RxRdy 
1RCLK 
T•• 
Delay from 
Read 
to reset RxRdy 
1 
~ 


T•• 
Delay 
from Write 
to set TxRdy 
195 
ns 
T.7 
Delay from start to reset TxRdy 
8 


* = Baudout* 
cycle 


100 pF load 
100 pF load 


100 pF load 
100 pF load 


I.·.·.·...··.•. 
·.·..·...·.·.········.· 


ST68C454 


Supply 
range 
Voltage 
at any pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


7 Volts 
GND-0.3 
V to 
VCC+0.3 
V 
00 C to 
+700 
C 
_400 C to +1500 
C 
500 mW 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


V'LCK 
Clock 
input low level 
-0.5 
0.6 
V 


V'HCK 
Clock 
input high level 
3.0 
VCC 
V 


V'L 
Input low level 
-0.5 
0.8 
V 


V'H 
Input high level 
2.2 
VCC 
V 


VOL 
Output 
low level 
0.4 
V 
IOL=6 mA on all 
outputs 


VOH 
Output 
high level 
2.4 
V 
IOH=-6 mA 


Ice 
Avg. 
power supply 
6 
mA 
current 


I'L 
Input leakage 
±10 
flA 


ICL 
Clock 
leakage 
±10 
flA 
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RTS* 
DTR* 


CD 
CTS 
DSR 
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START 
BIT--I~ 
STOP 
BIT-- 


I 
I 
I 
I 
I 


~I 
I 
I 
I 
I-, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


NEXT 
DATA 
START 
BIT 
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i.-- 131 
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START 
BIT-- 


PARITY 
BIT: 
NEXT 
DATA 
START 
BIT 
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RXINPUT 
(First 
byte) 


START 
BIT 
~ 
DATA 
BITS 
(5-8) 
STOP 
BIT 
-I"~---------------.I 
~ 


1+IT44 
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f DESCRIPTION 


i.. . 
. 


The ST16CSSO is a universal 
asynchronous 
receiver 
and 
transmitter 
with 
16 byte 
transmit 
and 
receive 
FIFO. 
A programmable 
baud rate generator 
is pro- 
vided to select transmit 
and receive 
clock rates from 
SOHz to 448kHz. 
The 
ST16CSSO 
is 
an 
improved 
version 
of 
the 
NS16CSSO 
UART 
with 
higher 
operating 
speed 
and 
lower 
access 
time. 
The ST16CSSO 
on board 
status 
registers 
provides 
the error 
conditions, 
type 
and 
status 
of the 
transfer 
operation 
being 
performed. 


Included 
is complete 
MODEM 
control 
capability, 
and 
a processor 
interrupt 
system 
that 
may 
be software 
tailored 
to the 
user's 
requirements. 
The ST16CSSO 
provides 
internal 
loop-back 
capability 
for on board 
diagnostic 
testing. 


The 
ST16CSSO 
is fabricated 
in an advanced 
1.2J.l 
CMOS 
process 
to achieve 
low drain power and high 
speed 
requirements. 


f FEATURES 
, 
. . 
. 


• Pin 
to 
pin 
and 
functional 
compatible 
to 
NS16SS0,VL 
16CSSO,WD16CSSO 
• 16 byte transmit 
FIFO 
• 16 byte receive 
FIFO with error flags 
• Modem 
control signals (CTS*, RTS*, DSR*, DTR*, 
RI*, CD*) 
• Programmable 
character 
lengths 
(S, 6, 7, 8) 
• Even, odd, orno parity bit generation 
and detection 
• Independent 
transmit 
and receive 
control 
• TTL compatible 
inputs, 
outputs 
• Software 
compatible 
with INS82S0, 
NS16C4S0 
• 448 
kHz 
transmiUreceive 
operation 
with 
7.372 
MHz crystal 
or external 
clock source 


r ORDERING 
INFORMATION 
i 
. 
.. 
. 


Part number 
Package 
Operating temperature 
ST16CSSOCP40 
Plastic-DIP 
O· C to + 70· C 
ST16CSSOCJ44 
PLCC 
O· C to + 70· C 
ST16CSSOCQS2 
QFP 
o· C to + 70· C 
ST16CSSOCQ48 
TQFP 
o· C to + 70· C 
"Industrial 
operating 
range are available 


Plastic-DIP 
Package 


vcc 


RJ· 


CO' 


DSR" 


D4 
5 
36 
CTS* 


D5 
6 
35 
RESET 


OP1· 


DTR· 


~ 
RTS* 
c.. 


RX 
u 
opr 
l?l 
INT 
~ 
CSO 
<0 
RXRDY* 
i= 
CS1 
en 
AO 


CS2· 
A1 


BAUDOUT* 
A2 


XTAL1 


XTAL2 
24 
TXROY 


lOW- 
DOIS* 


lOW 
lOR 


GND 
lOR· 
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AD-A2 


CSO, CS1, CS2' 


lOR, lOR' 
lOW, lOW 
RESET,AS' 
DDIS', 
CSOUT 


tr 
(j) 
0"- 
,,_Ct:. 
(j)* 
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H ~.·Y.mb..·.olli 
Pin> 
·Sig#aITYP~ 
···.··.·i 
Pi!) Description'" 
. 
........ 
.... 
.....•..... 
... .... 
..... 
.... 
...• 
··H 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 


~~~:~~~~~~i~rOt~~~~~~t~~~.us 
and the first serial data bit to 1'1 


Receive clock input 
The external 
clock input to the 
ST16C550 receiver section if receiver data rate is different 
from transmitter data rate. 


Serial data input The serial information (data) received 
from serial port to ST16C550 receive input circuit A mark 
(high) is logic one and a space (low) is logic zero. During the 
localloopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


Serial data output The serial data istransmitted via this pin 
with additional start, stop and parity bits. The TXwill be held 
in mark (high) state during reset, localloopback 
mode or 
when the transmitter is disabled. 


Chip select 1. (active high) A high at this pin enables the 
ST16C550 I CPU data transfer operation. 


Chip select 2. (active high) A high at this pin enables the 
ST16C550 I CPU data transfer. operation. 


Chip select 3. (active low) A low at this pin (while CSO=1 
and CS1=1) will enable the ST16C550 I CPU data transfer 
operation. 


Baud rate generator clock output This output provides the 
16x clock of the internal selected baud rate. 
RCLK pin is 
connected externally to BAUDOUT* pin to provide receive 
clock. 


Crystal input 1 or external clock input 
A crystal 
can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit 
An external clock can be used to clock 
internal circuit and baud rate generatorforcustom 
transmis- 


sion rates. 


Symbol 
Pin 
Signal Type 
Pin Description 


XTAL2 
17 
I 
Crystal input 2 or buffered clock output. See XTAL 1. 


lOW· 
18 
I 
Write strobe. (active low) A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


lOW 
19 
I 
Write strobe. (active high) Same as lOW·, but uses active 
high input. Note that only an active lOW· or lOW input is 
required to transfer data from 
CPU to ST16C550 during 
write operation. All the unused pin should be tied to VCC or 
GND. 


GND 
20 
0 
Signal and power ground. 


lOR· 
21 
I 
Read strobe. (active low) A low level on this pin transfers 
the contents of the ST16C550 data bus to the CPU. 


lOR 
22 
I 
Read strobe. (active high) Same as lOR·, but uses active 
high input. Note that only an active lOR· or lOR input is 
required to transfer data from ST16C550 to CPU during 
read operation. All the unused pin should be tied to VCC 
orGND. 


DDIS· 
23 
0 
Drive disable. (active low) This pin goes low when the CPU 
is reading data from the ST16C550 to disable the external 
transceiver or logic's. 


TXRDY 
24 
0 
Transmit ready. (active high) This pin goes high when the 
transmit FIFO of the ST16C550 is full. It can be used as a 
single or multi-transfer. 


AS· 
25 
I 
Address strobe. (active low) A low on this pin will latch the 
state of the chip selects and addressed register (A2-AO). 
This input is used 
when signals are not stable for the 
duration of a read or write operation. If not required, tie the 
AS· input permanently low. 


A2 
26 
I 
Address select line 2. To select internal registers. 


A1 
27 
I 
Address select line 1. To select internal registers. 
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transfer. 
Interrupt output. (active high) This pin goes high (when 
enabled by the interrupt enable register) whenever a re- 
ceiver error, receiver data available, transmitter empty, or 
modem status condition flag is detected. 


General purpose output. (active low) User defined output. 
See bit-3 modem control register (MCR bit-3). 


Request to send. (active low) To indicate that the transmit- 
ter has data ready to send. Writing a 
"1" in the modem 
control register (MCR bit-1 ) will set this pin to a low state. 
Afterthe reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion. 


Data terminal 
ready. 
(active 
low) 
To 
indicate 
that 
ST16C550 is ready to receive data. 
This pin can be 
controlled via the modem control register (MCR bit-O). 
Writing a "1" atthe MCR bit-Owill setthe DTR* outputto low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset. Note that this pin does not have 
any effect on the transmit or receive operation. 


General purpose output. (active low) User defined output. 
See bit-2 of modem control register (MCR bit-2). 


Master reset. (active high) A high onthis pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


Clear to send. (active low) The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR BIT-4. CTS* has no effect on the transmit 
or receive operation. 
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DSR* 
37 
Data set ready. (active low) A low on this pin indicates the 
MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


CD* 
38 
Carrier detect. (active low) A low on this pin indicates the 
carrier has been detected by the modem. 


RI* 
39 
Ring detect indicator. (active low) A low onthis pin indicates 
the modem has received a ringing signal from telephone 
line. 


VCC 
40 
Power supply input. 


0 
0 
0 
Receive Holding Register 
Transmit Holding Register 


0 
0 
1 
Interrupt Enable Register 


0 
1 
0 
Interrupt Status Register 
FIFO Control Register 


0 
1 
1 
Line Control Register 


1 
0 
0 
Modem Control Register 


1 
0 
1 
Line Status Register 


1 
1 
0 
Modem Status Register 


1 
1 
1 
Scratch pad Register 
Scratch pad Register 


0 
0 
0 
LSB of Divisor Latch 


0 
0 
1 
MSB of Divisor Latch 
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"A2AfAO 
Register 
BIT-7 
BIl'i6 
BIT-5.· 
BIT-4 
BIT-3 
BIT-2 
BIT-1 
BIT-G 


0 
0 
0 
RHR 
bit-7 
bit-6 
bit-S 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
THR 
bit-7 
bit-6 
bit-S 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
1 
IER 
0 
0 
0 
0 
modem 
receive 
transmit 
receive 
status 
line 
holding 
holding 
interrupt 
status 
register 
register 
interrupt 


0 
1 
0 
FCR 
RCVR 
RCVR 
0 
0 
OMA 
XMIT 
RCVR 
FIFO 
trigger 
trigger 
mode 
FIFO 
FIFO 
enable 
(MSB) 
(LSB) 
select 
reset 
reset 


0 
1 
0 
ISR 
0/ 
0/ 
0 
0 
int 
int 
int 
int 
FIFOs 
FIFOs 
priority 
priority 
priority 
status 
enabled 
enabled 
bit-2 
bit-1 
bit-O 


0 
1 
1 
LCR 
divisor 
set 
set 
even 
parity 
stop 
word 
word 
latch 
break 
parity 
parity 
enable 
bits 
length 
length 
enable 
bit-1 
bit-O 


1 
0 
0 
MCR 
0 
0 
0 
loop 
OP2* 
OP1* 
RTS* 
OTR* 
back 


1 
0 
1 
LSR 
0/ 
trans. 
trans. 
break 
framing 
parity 
overrun 
receive 
FIFO 
empty 
holding 
interrupt 
error 
error 
error 
data 
error 
empty 
ready 


1 
1 
0 
MSR 
CO 
RI 
OSR 
CTS 
delta 
delta 
delta 
delta 
CO* 
RI* 
OSR* 
CTS* 


1 
1 
1 
SPR 
bit-7 
bit-6 
bit-S 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
DLL 
bit-7 
bit-6 
bit·S 
bit-4 
bit-3 
bit-2 
bit-1 
bit·O 


0 
0 
1 
DLM 
bit·1S 
bit-14 
bit-13 
bit· 12 
bit-11 
bit-10 
bit-9 
bit·S 
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The serial transmitter section consists of a Transmit 
Hold Register (THR) and 
Transmit Shift Register 
(TSR). The status of the transmit hold register 
is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (07-00) to the Transmit holding register when- 
ever the transmitter 
holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 
On the falling edge ofthe start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiver status codes will 
be posted in the Line Status Register. 


When the receive FIFO (FCR BIT-0=1) and receive 
interrupts (IER BIT-0=1) are enabled, receiver inter- 
rupt will occur as follows: 


A) The receive data available interrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will be cleared as soon asthe 
FIFO drops below its programmed trigger level. 


B) 
The ISR receive data available indication also 
occurs when the FIFO trigger level isreached, and like 
the interrupt it is cleared when the FIFO drops below 
the trigger level. 


C) The data ready bit (LSR BIT-O)is set as soon as a 
character is transferred from the shift register to the 
receiver FIFO. It is reset when the FIFO is empty. 


When FCR BIT-0=1; resetting IER BIT 3-0to zero puts 
the ST16C550 in the FIFO polled mode of operation. 
Since the receiver and transmitter 
are controlled 
separately either one or both can be inthe polled mode 
operation by utilizing the Line Status Register. 


A) LSR BIT-Owill be set as long as there is one byte 
in the receive FIFO. 


B) 
LSR BIT4-1 will specify which error(s) has oc- 
curred. 


C) LSR BIT-5 will indicate when the transmit FIFO is 
empty. 


0) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 


E) LSR BIT-7 will indicate when there are any errors 
in the receive FIFO. 


The ST16C550 requires to have two step FIFO enable 
operation in order to enable receive trigger levels. 


The ST16C550 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from OC-8 MHz and dividing it by any divisor from 1 
to 2'6 -1. The output 
frequency of the Baudout* is 
equal to 16X of transmission baud rate (Baudout*=16 
x Baud Rate). 
Customize 
Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 


The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 
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IER BIT-o: 
O=disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 


IER BIT-1: 
O=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 


IER BIT-2: 
O=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 


IER BIT-3: 
O=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 


IER BIT 7-4: 
All these bits are set to logic zero. 


The ST16C550 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Interrupt Status Regis- 
ter (ISR) provides the source of the interrupt in priori- 
tized matter. During the read cycle the ST16C550 
provides the highest interrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized interrupt levels: 


>§~IAr<:!()fj~~int~rtl~P1 
. 


0 
0 
LSR (Receiver Line Sta- 
tus Register) 
2 
0 
0 
0 
RXRDY (Received Data 
Ready) 
2* 
0 
0 
RXRDY (Receive 
Data 
time out) 
3 
0 
0 
0 
TXRDY( 
Transmitter 
Holding Register Empty) 
4 
0 
0 
0 
0 
MSR 
(Modem 
Status 
Register) 


*RECEIVE TIME-OUT: 
This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received oreach time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. II. 


Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40 / 9 [(programmed word length = 
7) + (stop bit = 1) + (start bit = 1»)= 4.4 characters. 


Example -8: If user programs the word length = 7, with 
parity and one stop bit, the time out will be: 
T = 4 X 7(programmed word length) + 12 = 40 bits 
Character time = 40 / 10 [ (programmed word length 
= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 
characters. 


ISR BIT-O: 
O=aninterrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 
1=no interrupt pending. 


ISR BIT 1-3: 
Logical combination of these bits, provides the high- 
est priority interrupt pending. 


ISR BIT 4-7: 
These bits are not used and are set to zero in 
ST16C450 mode. BIT 6-7: are set to "1" in ST16C550 
mode. 


This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 


FCR BIT-O: 
O=Disable the transmit and receive FIFO. 


1=Enable 
the transmit 
and receive 
FIFO. 
This 
bit should 
be enabled 
before 
setting 
the FIFO 
trigger 
levels. 


FCR BIT-1: 
O=No change. 
1=Clears 
the contents 
of the receive 
FIFO and resets 
its counter 
logic to 0 (the receive 
shift 
register 
is not 
cleared 
or altered). 
This 
bit 
will return to zero after 
clearing 
the FIFOs. 


FCR BIT-2: 
O=No change. 
1=Clears the contents 
of the transmit 
FIFO and resets 
its counter 
logic to 0 (the transmit 
shift register 
is not 
cleared 
or altered). 
This 
bit will 
return 
to zero 
after 
clearing 
the FIFOs. 


FCR BIT-3: 
O=No change. 
1=Changes 
RXRDY 
and TXRDY 
pins from 
mode "0" 
to mode "1". 


Transmit 
operation 
in mode 
"0": 
When ST16C550 
is in ST16C450 
mode ( FCR bit-O=O 
) or in the FIFO 
mode 
( FCR bit-0=1, 
FCR bit-3=O ) 
when there are no characters 
in the transmit 
FIFO or 
transmit 
holding 
register, 
the TXRDY· 
pin will go low. 
Once 
active 
the TXRDY· 
pin will go high (inactive) 
after 
the 
first 
character 
is loaded 
into the 
transmit 
holding 
register. 


Receive 
operation 
in mode 
"0": 
When ST16C550 
is in ST16C450 
mode (FCR 
bit-O=O 
) orin the FIFO mode (FCR 
bit-0=1, 
FCR bit-3=0) 
and 


there 
is at least 
1 character 
in the receive 
FIFO, 
the 
RXRDY· 
pin will go low. Once active ttie RXRDY· 
pin 
will go high (inactive) 
when there are no more charac- 
ters in the receiver. 


Transmit 
operation 
in mode 
"1 ": 
When ST16C550 
is in FIFO mode (FCR 
bit-0=1, 
FCR 
bit-3=1 
) the TXRDY· 
pin will become 
high (inactive) 
when the transmit 
FIFO is completely 
full. It will be low 


if one or more 
FIFO 
locations 
are empty. 


Receive 
operation 
in mode 
"1 ": 
When ST16C550 
is in FIFO mode (FCR 
bit-0=1, 
FCR 
bit-3=1 ) and the trigger 
level orthe 
timeout 
has been 
reached, 
the 
RXRDY· 
pin will 
go 
low. 
Once 
it is 
activated 
it will go high (inactive) 
when there 
are no 
more characters 
in the FIFO. 


FCR BIT 4-5: 
Not used. 


FCR BIT 6-7: 
These 
bits are used to set 
the trigger 
level 
for the 
receiver 
FIFO 
interrupt. 


BIT-;7 
BIT"6 
FIFO trigger 
level 


0 
0 
01 
0 
1 
04 
1 
0 
08 
1 
1 
14 


The 
Line 
Control 
Register 
is used 
to 
specify 
the 
asynchronous 
data communication 
format. 
The num- 
ber of the word 
length, 
stop bits, 
and parity 
can be 
selected 
by writing 
appropriate 
bits in this register. 


LCR BIT1-0: 
These two bits specify 
the word length to be transmit- 
ted or received. 


BIT~1 
BIT.O 
Word 
·Iength 


0 
0 
5 
0 
1 
6 
1 
0 
7 
1 
1 
8 


LCR BIT-2: 
The number 
of 
stop bits can be specified 
by this bit. 
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Word 
length 
"Stopl;>it(~)/ 


0 
5,6,7,8 
1 


1 
5 
1-1/2 


1 
6,7,8 
2 


LCR BIT-3: 
Parity 
or no parity 
can be selected 
via this bit. 


O=no parity 
1=a parity 
bit is generated 
during 
the transmission, 
receiver 
also checks 
for received 
parity. 


LCR BIT-4: 
If the parity bit is enabled, 
LCR BIT-4 selects the even 


or odd parity format. 
0=000 
parity is generated 
by forcing 
an odd number 


of 1's in the transmitted 
data, receiver 
also checks for 


same format. 
1= EVEN parity bit is generated 
by forcing 
an even the 


number 
of 1's 
in the transmitted 
data, receiver 
also 


checks 
for same 
format. 


LCR 
BIT-5: 


If the 
parity 
bit is enabled, 
LCR 
BIT-5 
selects 
the 


forced 
parity format. 


LCR BIT-5=1 
and LCR BIT-4=O, 
parity bit is forced to 


"1" in the transmitted 
and received 
data. 


LCR BIT-5=1 
and LCR BIT-4=1, 
parity bit is forced to 


"0' in the transmitted 
and received 
data. 


LCR BIT-6: 
Break 
control 
bit. It causes 
a break condition 
to be 
transmitted 
(the TX is forced 
to low state). 


O=normal 
operating 
condition. 


1=forces 
the transmitter 
output (TX) to go low to alert 


the communication 
terminal. 


LCR BIT-7: 
The intemal 
baud rate counter 
latch enable 
(OLAB). 
O=normal 
operation. 


1=select 
divisor 
latch register. 


This register 
controls 
the interface 
with the MOOEM 
or a peripheral 
device 
(RS232). 


MCR BIT-O: 
O=force 
OTR* output to high. 


1=force 
OTR* output to low. 


MCR BIT-1: 
O=force RTS* output 
to high. 


1=force 
RTS* output 
to low. 


MCR BIT-2: 
O=set 
OP1* output to high. 


1=set 
OP1* output to low. 


MCR BIT-3: 
O=set OP2* output to high. 
1=set OP2* output 
to low. 


MCR BIT-4: 
O=normal 
operating 
mode. 


1=enable 
local 
loop-back 
mode 
(diagnostics). 
The 
transmitter 
output 
(TX) 
is set high (Mark 
condition), 
the receiver 
input (RX) ,CTS*, 
OSR*, CO*, and RI* are 
disabled. 
Intemally 
the 
transmitter 
output 
is con- 
nected 
to the receiver 
input and 
OTR*, 
RTS*, 
OP1* 


and OP2* are 
connected 
to modem 
control 
inputs. 


In this mode, 
the receiver 
and transmitter 
interrupts 
are fully operational. 
The Modem 
Control 
Interrupts 


are also operational, 
but the 
interrupts 
sources 
are 
now the lower four bits of the Modem 
Control 
Register 


instead 
of the four Modem 
Control 
inputs. 
The inter- 
rupts are still controlled 
by the 
IER. 


MCR BIT 5-7: 
Not used. 
Are set to zero permanently. 


This 
register 
provides 
the status 
of data transfer 
to 
CPU. 


LSR BIT-O: 
O=no data 
in receive 
holding 
register 
or FIFO. 


1=data 
has been received 
and saved 
in the receive 
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LSR BIT-1: 
O=nooverrun error (normal). 
1=overrun error, next character arrived before receive 
holding register was emptied or if FIFOs are enabled, 
an overrun error will occur only after the FIFO is full 
and the next character has been completely received 
in the shift register. Note that character in the shift 
register is overwritten, but it is not transferred to the 
FIFO. 


LSR BIT-2: 
O=no parity error (normal). 
1=parity error, received data does not have correct 
parity information. 
In the FIFO mode this error is 
associated with the character at the top of the FIFO. 


LSR BIT-3: 
O=noframing error (normal). 
1=framing error received, received data did not have 
a valid stop bit. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 


LSR BIT-4: 
O=no break condition (normal). 
1=receiver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character is loaded into the FIFO. 


LSR BIT-5: 
O=transmit holding register is full. ST16C550 will not 
accept any data for transmission. 
1=transmit holding register (or FIFO) is empty. CPU 
can load the next character. 


LSR BIT-6: 
O=transmitter holding and shift registers are full. 
1=transmitterholding and shift registers are empty. In 
FIFO mode this bit is set to one whenever the trans- 
mitter FIFO and transmit shift register are empty. 


LSR BIT-7: 
O=Normal. 
1=At least one parity error, framing error or break 
indication in the FIFO. This bit is cleared when LSR is 
read. 


This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "a" whenever the CPU reads this register. 


MSR BIT-O: 
Indicates that the CTS* input to the ST16C550 has 
changed state since the last time it was read. 


MSR BIT-1: 
Indicates that the DSR* input to the ST16C550 has 
changed state since the last time it was read. 
MSR BIT-2: 
Indicates that the RI* input to the ST16C550 has 
changed from a low to a high state. 


MSR BIT-3: 
Indicates that 
the CD* input to the ST16C550 has 
changed state since the last time it was read. 


MSR BIT-4: 
This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 


MSR BIT-S: 
This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 


MSR BIT-6: 
This bit is equivalent to OP1 in the MCR during local 
loop-back mode. It isthe compliment of the RI* input. 


MSR BIT-7: 
This bit is equivalent to OP2 in the MCR during local 
loop-back mode. It isthe compliment to the CD* input. 


Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 
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ST16C550 provides atemporary data registerto store 
8 bits of information for variable use. 


BAUD 
RATE 
GENERATOR 
PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 


SAUD RATE 
..•...1$)( CLOCK 
i 
%~RROR 
DIVi$OR 


50 
2304 


75 
1536 


110 
1047 
0.026 


134.5 
857 
0.058 


150 
768 


300 
384 


600 
192 


1200 
96 


2400 
48 


3600 
32 


4800 
24 


7200 
16 


9600 
12 


19.2K 
6 


38.4K 
3 


56K 
2 
2.77 


115.2K 
1 


REGISTERS 
RESET STATE 


IER 
IER BITS 0-7=0 
ISR 
ISR BIT-0=1, ISR BITS 1-7=0 


LCR 
LCR BITS 0-7=0 
MCR 
MCR BITS 0-7=0 
LSR 
LSR BITS 0-4=0, 
LSR BITS 5-6=1 LSR, BIT 7=0 


MSR 
MSR BITS 0-3=0, 
MSR BITS 4-7=input signals 


FCR 
FCR BITS 0-7=0 


SIGNALS 
RESET STATE 


TX 
High 


OP1* 
High 
OP2* 
High 
RTS* 
High 
DTR* 
High 
RXRDY* 
High 
TXRDY 
Low 
INT 
Low 
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Symbol 
< 


Parameter 
Limits 
Units 
Conditions 
» 
",. 
. 


NUn 
Type 
Max 


.,', 
, 


T, 
Clock high pulse duration 
50 
ns 
T2 
Clock low pulse duration 
50 
ns 
External clock 
T3 
Clock rise/fall time 
10 
ns 
T4 
Baud out rise/fall time 
100 
ns 
100 pF load 
T5 
Address strobe width 
30 
ns 


T6 
Address setup time 
30 
ns 


T7 
Address hold time 
5 
ns 


Ts 
Chip select setup time 
5 
ns 
T. 
Chip select hold time 
0 
ns 


T,0 
CSOUT delay from chip select 
10 
25 
ns 


T 
" 


lOR· to DDIS· delay 
25 
ns 
100 pF load 
T'2 
Data setup time 
15 
ns 
Note: 1 
T'3 
Data hold time 
15 
ns 
Note: 1 
T'4 
lOW· delay from chip select 
10 
ns 
Note: 1 
T'5 
lOW· strobe width 
50 
ns 
T'6 
Chip select hold time from lOW· 
0 
ns 
Note: 1 
T17 
Write cycle delay 
55 
ns 
Tw 
Write cycle=T15+T,7 
105 
ns 


T,• 
Data hold time 
15 
25 
ns 
T21 
lOR· delay from chip select 
10 
ns 
Note: 1 
T23 
lOR· strobe width 
65 
ns 


T24 
Chip select hold time from lOR· 
0 
ns 
Note: 1 
T25 
Read cycle delay 
55 
ns 


Tr 
Read cycle=T23+T25 
115 
ns 


T26 
Delay from lOR· to data 
35 
ns 
100 pF load 


T28 
Delay from lOW· to output 
50 
ns 
100 pF load 


T29 
Delay to set interrupt from MODEM 
70 
ns 
100 pF load 


ST16C550 


Symbol 
flaram~t~r 


< 
< 
Limits 
Units 
Ccmditions 


.< 
:> 
Mill 
Typ 
Max 
I,. 
< 


T30 
Delay to reset interrupt from IOR* 
70 
ns 
100 pF load 


input 
T31 
Delay from stop to set interrupt 
1RCk 
100 pF load 


T32 
Delay from IOR* to reset interrupt 
200 
ns 
100 pF load 


T33 
Delay from initial INT reset to transmit 
8 
24 
* 
start 


T34 
Delay from stop to interrupt 
100 
ns 


T35 
Delay from IOW* to reset interrupt 
175 
ns 


T44 
Delay from stop to set RxRdy 
1RCLK 
T45 
Delay from IOR* to reset RxRdy 
1 
lJ.S 


T45 
Delay from lOW· 
to set TxRdy 
195 
ns 


T47 
Delay from start to reset TxRdy 
8 
* 


N 
Baud rate devisor 
1 
2'6_1 


Applicable only when AS* is tied low 
* = Baudout* cycle 


I•••·•••••••• 
••••••••••• 
·.'.·············,·· 
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Supply 
range 
Voltage 
at any pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


7 Volts 
GND-0.3 
V to 
VCC+0.3 
V 
00 C to 
+700 C 
_400 C to +1500 
C 
500 mW 


Symbol 
Parameter 
Limits 
Units 
ConditionS 


, 


Min 
Typ 
Max 
, 


V,LCK 
Clock 
input low level 
-0.5 
0.6 
V 


V,HCK 
Clock 
input high level 
3.0 
VCC 
V 


V,L 
Input low level 
-0.5 
0.8 
V 


V,H 
Input high level 
2.2 
VCC 
V 


VOL 
Output 
low level on all outputs 
0.4 
V 
IOL=6 mA 


VOH 
Output 
high level 
2.4 
V 
IOH=-6 mA 


Ice 
Avg 
power supply 
current 
6 
mA 


I'L 
Input leakage 
±10 
~ 


ICL 
Clock 
leakage 
±10 
~ 
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:-0Il----- 
; 


EXTERNAL 
n 


CLOCK 
~ 
, 


; 


iOll 
.iOll 


CLOCK PERIOD 
CLOCK PERIOD 


1/2 BAUDOUT* 
\ 
/ 
\ 
/ 
\ 
/ 
\ 
/ 


1/3 BAUDOUT* 
\ 
/ 
\ 
'/ 
L 


1/3> BAUDOUT* 
\ 
/ 
\ 


.··.·...1.·.'.·..'.·.'··'.·.'.········ 
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CS2* 
CS1-CSO 


lOW 
lOW 


!.. 
~! 
~~--\~--- 


; 
~i 
' 
I-••--------~: 
T7 


T14 i--! 
T15 
T17 
!-.•-----~-------- 


T10 
~ 
i4- 
-';---\ 
__/ 
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CS2· 
CS1-CSO 


lOR· 
lOR 


T21 H 
T23 
T25 
-14-------------- 
!i 


\.--.! T11 
T11...j 
i+- 
--! \_~i/--\~/ 
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RTS" 
DTR" 


CD 
CTS 
DSR 


lOR" 
lOR 


uuuuuuu 
uuuxunnunuuiuu 


nnnnununnuunuuuunuuuuuuuuuu.uuX'~u 
_ 


\~_I 


T29 
~ 
~T29 
____ 
/~LJ~U 


no -.j ~ 
T29 
~ 


ununnnunununu.ununuuuuuuuuuuuuunuuuununnuunV 
uuunnunnuV... 
uunuu.U 
! 
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lOW 
lOW 


START 
BIT--I~ 


STOP 
BIT-- 


1 


1 
1 


1 


1 


~I 
1 


1 


1~: 


1 
1 


1 


1 
1 
1 


1 


1 


1 


1 


1 


1 


1 
1 


1 
1 


___ 
.1... 


NEXT 
DATA 
START 
BIT 
I.·..···.·.·.·•·.·.····················· 
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lOR" 
lOR 


START BIT--14 


I 
I 
I 
I 
I 


~I 
I 
I 
I 
I 


~I 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
! 
I 
I 
I 
I 
__ 
..-.1 


STOP BIT-- 


NEXT 
DATA 
START BIT 


I 
I 
I 
I 
I 
! 
! 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I. uumuu.. ummrr 


-+i i- T31 
Y 
~ 


T32 -.l l 


lOW 
lOW 


START BIT 


__ 
DATA BITS (5-8) 
STOP 
BIT 
•.• 
~4---------------_~1 
__ 


~\ 


~ 


-..i ~ 
T47 


T46 


____ 
i_4 
~! \~- 


I•••• 
·•• 
••••••••·••·••· 
••• 
·•••·••·•·•··• 
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lOW· 
lOW 
)CJ<' 


T46 
' 
~ 
I+- T47 


I.. 
~~--~: 


______________________ 
~!FIFO 
FULL\~ 
_ 
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RXINPUT 
(First byte) 


lOR" 
lOR 


START BIT--1-4---------------- 


PARIlYBIT 


~I 


! 
!T44 
~\__1 
i---JT45 


~ 
Ir···········\ 


/ 
\ 
............................ 
-.- 
__ .__ 
_ ..".- 
/ 
\ 
. 
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lOR" 
lOR 


START BIT- 


, Fi rst byte that reaches 
the trigger level 


\__ A 


l.----.i T45 
'CJ: 


i,:' 
. 


.................... 
_-_ 
- 
__ .__ ..•./. 
\\ 
. 
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f DESCRIPTION 
, 


The ST16C1550/51/52 is a universal asynchronous 
receiver and transmitter with 16 byte transmit and 
receive FIFO. A programmable baud rate generator is 
provided to select transmit and receive clock rates 
from 50Hz to 448kHz. 
The ST16C1550/51/52 is an improved version of the 
SSI 73M1550 and SSI 73M2550 UART with higher 
operating 
speed 
and 
lower 
access 
time. 
The 
ST16C1550/51/52 on board status registers provides 
the error conditions, type and status of the transfer 
operation being performed. 
Included is complete 
MODEM control capability, and a processor interrupt 
system that may be software tailored to the user's 
requirements. The ST16C1550/51/52 provides inter- 
nal loop-back capability for on board diagnostic test- 
ing. 
The ST16C1550/51 /52 is fabricated in an advanced 
1.2~ CMOS process to achieve low drain power and 
high speed requirements. 


r FEATURES 
, 


• Pin to pin and functional 
compatible 
to SSI 
73M1550/2550 
.16 
byte transmit FIFO 
.16 
byte receive FIFO with error flags 
• Modem control signals (CTS*, RTS*, DSR*, OTR*, 
RI*, CD*) 
• Programmable character lengths (5, 6, 7, 8) 
• Even, odd, or no parity bit generation and detection 
• Software compatible with INS8250, NS16C550 
.448 
kHz transmiUreceive 
operation with 7.372 
MHz crystal or external clock source 


r ORDERING 
INFORMATION 
, 
. 
. 
.. 


Part number 
Package 
Operating temperature 
ST16C1550CP28 
Plastic-DIP 
o· C to + 70· C 
ST16C1550CJ28 
PLCC 
o· C to + 70· C 
ST16C1550CQ48 
TQFP 
o· C to + 70· C 
ST16C1551CP28 
Plastic-Dip 
O· C to + 70· C 
ST16C1551CJ28 
PLCC 
o· C to + 70· C 
ST16C1551CQ48 
TQFP 
O· C to + 70· C 
ST16C1552CQ52 
QFP 
o· C to + 70· C 
"Industrial 
operating 
range 
are available 


I•.. 
·..............•............ 
,..,., 
•..•.•.•. 
'.•. 
''.•.•. 
~.• 
rN?'/ 
. 
!M HjttIf 


AD-A2 
CS· 


lOR·, lOW 
RESET 


0:: 
(j)0"- 
•. _0:::_ 


(j)* 
f-O 
UU 


~.. 


, 


...• 
.... 
«(j) 
MODEM 
CONROL 
f-::J -- 
..... 
••... 
2§CO 
LOGIC 
0 
LL 
LLOU 
~~(5 
~ 


_ .._ .. .-- _ .._.... 
(j)00 


-' 
WI:r 
~U-' 


~<;.2 


f-O 
I-- 
I:r 
«f- 
f- 
•.. 
I:re>: 


••... 
~8 - 
Ol:r 
0-' 
::JW 


U - 


«Z 
CO~ 
---, 


""-- 
0 
; 
"'-' 
; 
LLOU 
; 
W~- 
~. _ .._ .._ .._ .•... ~z8 • 
I- 
§ju 
WO-' 
~U 
~('j - 
I:r 


wO 
CLOCK 
1--" 
;;;: 
CIRCUIT 
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AD-A2 
CS" 
lOR", lOW 
RESET 


RST 


•••• 


,r 


....• 
•... 
<(j) 
MODEM CONROL 
I-:::l-- 
~ 
•... 
(3cn 
LOGIC 


C-' 
2'OU 
~~0 
~ 


_ .._ .. ..- _ .._ ..~ <0° 
• 


-' 
~~ 
~U-' 


°u 
«l- 
I-- 
cr- 
cr<C 
~8 
- 
ocr 


0-' 
:::lW 


U - 
«Z 
cnW 
(') 


1-' 
---- 


W-' 
>OU 


c. _ .._ .._ .._.~ Wcr- 


I- 
u~8 
4 


g;u 
WO-' 
cru 
8iC'i - 
wO 
CLOCK 
~...J 
CIRCUIT 
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Symbol 
" 
Pin 
Signal Type 
Pin Description 


DO-D7 
1-8 
1/0 
Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RX 
9 
I 
Serial data input. The serial information (data) received 
from serial port to ST16C1550 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
localloopback mode the RX input is disabled from extemal 
connection and connected to the TX output internally. 


TX 
10 
0 
Serial data output. The serial data istransmitted via this pin 
with additional start, stop and parity bits. The TX will be held 
in mark (high) state during reset, local loopback mode or 
when the transmitter is disabled. 


CS* 
11 
I 
Chip select (active low). A low at this pin 
enables the 
ST16C1550 I CPU data transfer operation. 


XTAL1 
12 
I 
Crystal input 1 or external clock input. A crystal 
can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generatorforcustom 
transmis- 
sion rates. 


XTAL2 
13 
I 
Crystal input 2 or buffered clock output. See XTAL1. 


10W* 
14 
I 
Write strobe (active low). A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


GND 
15 
0 
Signal and power ground. 


10R* 
16 
I 
Read strobe (active low). A low level on this pin transfers 
the contents of the ST16C1550 data bus to the CPU.. 


RI* 
17 
I 
Ring detect indicator (active low). A low onthis pin indicates 
the modem has received a ringing signal from telephone 
line. 


INT 
18 
0 
Interrupt output. (three state I active high) This pin goes high 


ST16C1550 
ST16C1551/1552 


Symbol 
Pin 
Signal Type 
Pin Description 


(when enabled by the interrupt enable register) whenever a 
receiver error, receiver data available, transmitter empty, 
or modem status condition flag is detected. 


AO-A2 
21-19 
I 
Address select line. To select internal registers. 


RTS* 
22 
0 
Request to send (active low). To indicate that the transmit- 
ter has data ready to send. Writing a "1" in the modem 
control register (MCR bit-.1) will set this pin to a low state. 
Afterthe reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion. 


DTR* 
23 
0 
Data terminal 
read 
(active 
low). 
To indicate 
that 
ST16C1550 is ready to receive data. 
This pin can be 
controlled via the modem control register (MCR bit-D). 
Writing a "1" atthe MCR bit-Owill set the DTR*outputto low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset. Note that this pin does not have 
any effect on the transmit or receive operation. 


RESET 
24 
I 
Master reset (active high). A high onthis pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CTS* 
25 
I 
Clear to send (active low). The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR bit-4. CTS* has no effect on the transmit 
or receive operation. 


DSR* 
26 
I 
Data set ready (active low). A low on this pin indicates the 
MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


CD* 
27 
I 
Carrier detect (active low). A low on this pin indicates the 
carrier has been detected by the modem. 


VCC 
28 
I 
Power supply input. 


•••••••••••••••••••••••••••••••••••••••••• 
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~ymb()t 


"" 


Pin 
Signal Type 
Pin Description 


00-07 
1-8 
1/0 
Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RX 
9 
I 
Serial data input. The serial information (data) received 
from serial port to ST16C1551 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
localloopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


TX 
10 
0 
Serial data output. The serial data istransmitted via this pin 
with additional start, stop and parity bits. The TX will be held 
in mark (high) state during reset, local loopback mode or 
when the transmitter is disabled. 


CS* 
11 
I 
Chip select (active low). A low at this pin 
enables the 
ST16C1551 I CPU data transfer operation. 


ClK 
12 
I 
External clock input. An external clock can be used to clock 
internal circuit and baud rate generator for custom transmis- 
sion rates. 


10W* 
13 
I 
Write strobe (active low). A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


GND 
14 
0 
Signal and power ground. 


10R* 
15 
I 
Read strobe (active low). A low level on this pin transfers 
the contents of the ST16C1551 data bus to the CPU.. 


RI* 
16 
I 
Ring detect indicator (active low): A lowon this pin indicates 
the modem has received a ringing signal from telephone 
line. 


RST 
17 
0 
Reset output (active high). The ST16C1551 provides a 
buffered reset output which isgated internally with MCR bit- 
2. 


INT 
18 
0 
Interrupt output. (three state I active high) This pin goes high 
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(when enabled bythe interrupt enable register) whenever a 
receiver error, receiver data available, transmitter empty, 
or modem status condition flag is detected. 
1.I!i;'·:; 


Address select line. To select internal registers. 


Request to send (active low). To indicate that the transmit- 
ter has data ready to send. Writing a "1" in the modem 
control register (MCR bit-1 ) will set this pin to a low state. 
After the reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion. 


Data terminal 
read 
(active 
low). 
To 
indicate 
that 


ST16C1551 is ready to receive data. 
This pin can be 
controlled via the modem control register (MCR bit-a). 
Writing a"1" atthe MCR bit-Owill setthe DTR* outputto low. 
This pin will be set to high state after writing a "a" to that 
register or after the reset. Note that this pin does not have 
any effect on the transmit or receive operation. 


Master reset (active high). A high onthis pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


Clear to send (active low). The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR BIT-4. CTS* has no effect on the transmit 
or receive operation. 


Data set ready (active low). A low on this pin indicates the 
MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


Carrier detect (active low). A low on this pin indicates the 
carrier has been detected by the modem. 


........ 
..... 


A2 
AO 
READ MODE 
WRITE MODE 
........ 


0 
0 
0 
Receive Holding Register 
Transmit Holding Register 
0 
0 
1 
Interrupt Enable Register 
0 
1 
0 
Interrupt Status Register 
FIFO Control Register 
0 
1 
1 
Line Control Register 


1 
0 
0 
Modem Control Register 
1 
0 
1 
Line Status Register 


1 
1 
0 
Modem Status Register 


1 
1 
1 
Scratch pad Register 
Scratchpad Register 


0 
0 
0 
LSB of Divisor Latch 


0 
0 
1 
MSB of Divisor Latch 
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/A2A1'Ao 
I 
BfT-$/ 


'." 
, ... 
,., .. ,..... ····BIT-o 
Register. 
BIT.;c7 
BIT~5 
BIT-4 
BIT-3 
BIT-2 
BIT-i· 
... 


0 
0 
0 
RHR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
THR 
bit-7 
bit-6 
bit-5 
bit·4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
1 
IER 
0 
0 
01 
b 
modem 
receive 
transmit 
receive 
special 
status 
line 
holding 
holding 
mode 
interrupt 
status 
register 
register 
interrupt 


0 
1 
0 
FCR 
RCVR 
RCVR 
O/TX 
O/TX 
OMA 
XMIT 
RCVR 
FIFO 
trigger 
trigger 
trigger 
trigger 
mode 
FIFO 
FIFO 
enable 
(MSS) 
(LSS) 
(MSS) 
(LSS) 
select 
reset. 
reset 


0 
1 
0 
ISR 
01 
01 
01 
01 
int 
int 
int 
int 
FIFOs 
FIFOs 
RXROY 
TXROY 
priority 
priority 
priority 
status 
enabled 
enabled 
bit-2 
bit-1 
bit-O 


0 
1 
1 
LCR 
divisor 
set 
set 
even 
parity 
stop 
word 
word 
latch 
break 
parity 
parity 
enable 
bits 
length 
length 
enable 
bit-1 
bit·O 


1 
0 
0 
MCR 
O/power 
0 
0 
loop 
INT 
SOFT 
RTS* 
OTR* 


dowh 
back 
enable 
reset 


1 
0 
1 
LSR 
01 
trans, 
trans, 
break 
framing 
parity 
overrun 
receive 
FIFO 
empty 
holding 
interrupt 
error 
error 
error 
data 
error 
empty 
ready 


1 
1 
0 
MSR 
CO 
RI 
OSR 
CTS 
delta 
delta 
delta 
delta 
CO* 
RI* 
OSR* 
CTS* 


1 
1 
1 
SPR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
DLL 
bit·7 
bit·6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
blt·O 


0 
0 1 
DLM 
bit-15 
bit-14 
bit·13 
bit· 12 
bit·11 
bit·10 
bit·9 
bit·8 
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A2A1 AO 
Register 
BIT-7 
BIT-6 
BIT-5 
BIT-4 
BIT-3 
BIT-2 
BIT-1 
BIT-o 


0 
0 
0 
RHR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
THR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
1 
IER 
0 
0 
0/ 
0 
modem 
receive 
transmit 
receive 
special 
status 
line 
holding 
holding 
mode 
interrupt 
status 
register 
register 
interrupt 


0 
1 
0 
FCR 
RCVR 
RCVR 
OITX 
OITX 
OMA 
XMIT 
RCVR 
FIFO 
trigger 
trigger 
trigger 
trigger 
mode 
FIFO 
FIFO 
enable 
(MSS) 
(LSS) 
(MSS) 
(LSS) 
select 
reset 
reset 


0 
1 
0 
ISR 
0/ 
0/ 
0/ 
0/ 
int 
int 
int 
int 
FIFOs 
FIFOs 
RXROY 
TXROY 
priority 
priority 
priority 
status 
enabled 
enabled 
bit-2 
bit-1 
bit-O 


0 
1 
1 
LCR 
divisor 
set 
set 
even 
parity 
stop 
word 
word 
latch 
break 
parity 
parity 
enable 
bits 
length 
length 
enable 
bit-1 
bit-O 


1 
0 
0 
MCR 
O/power 
0 
0 
loop 
INT 
SOFT 
RTS* 
OTR* 
down 
back 
enable 
reset 


1 
0 
1 
LSR 
0/ 
trans. 
trans. 
break 
framing 
parity 
overrun 
receive 
FIFO 
empty 
holding 
interrupt 
error 
error 
error 
data 
error 
empty 
ready 


1 
1 
0 
MSR 
CO 
RI 
OSR 
CTS 
delta 
delta 
delta 
delta 
CO* 
RI* 
OSR* 
CTS* 


1 
1 
1 
SPR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
DLL 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit· 1 
bit-O 


0 
0 
1 
DLM 
bit-15 
bit-14 
bit-13 
bit-12 
bit-11 
bit-10 
bit-9 
biteS 


The serial transmitter section consists of a Transmit 
Hold Register (THR) and 
Transmit Shift Register 


(TSR). The status of the transmit hold register 
is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (07-00) to the Transmit holding register when- 
ever the transmitter 
holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that 
a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 
On the falling edge of the start bit,the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike onthe RX input. Receiver status codes will 
be posted in the Line Status Register. 


When the receive FIFO (FCR BIT-0=1) and receive 
interrupts (IER BIT-0=1) are enabled, receiver inter- 
rupt will occur as follows: 


A) The receive data available interrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will be cleared assoon asthe 
FIFO drops below its programmed trigger level. 


B) 
The ISR receive data available indication also 
occurs when the FIFO trigger level is reached, and like 
the interrupt it is cleared when the FIFO drops below 
the trigger level. 


C) The data ready bit (LSR BIT-O)is set as soon as a 
character is transferred from the shift register to the 
receiver FIFO. It is reset when the FIFO is empty. 
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When FCR BIT-0=1; resetting IER BIT3-0tozero 
puts 
the ST16C1550/51/52 in the FIFO polled mode of 
operation. Since the receiver and transmitter 
are 
controlled separately either one or both can be in the 
polled mode operation by utilizing the Line Status 
Register. 


A) LSR BIT-Owill be set as long as there is one byte 
in the receive FIFO. 


B) 
LSR BIT4-1 will specify which error(s) has oc- 
curred. 


C) LSR BIT-5 will indicate when the transmit FIFO is 
empty. 


0) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 


E) LSR BIT-7 will indicate when there are any errors 
in the receive FIFO. 


The ST16C1550/51/52 
requires to have two step 
FIFO enable operation in order to enable receive 
trigger levels. 


The ST16C1550/51/52 
contains a programmable 
Baud Rate Generator that is capable of taking any 
clock input from OC-8 MHz and dividing it by any 
divisor from 1 to 2'6 -1. The output frequency of the 
Baudout* is equal to 16X of transmission baud rate 
(Baudout*=16 x Baud Rate). Customize Baud Rates 
can be achieved byselecting proper divisor values for 
MSB and LSB of baud rate generator. 


The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 
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IER BIT-O: 
O=disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 


IER BIT-1: 
O=disablethe transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 


IER BIT-2: 
O=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 


IER BIT-3: 
O=disablethe modem status register interrupt. 
1=enable the modem status register interrupt. 


IER BIT 4: 
This bit is not used and set to zero. 


IER BIT 5: 
O=disable the ISR bits 4-5 and MCR bit-7. 
1=enable the ISR bits 4-5 and MCR bit-7 function. 


IER BIT 6-7: 
These bits are not used and set to zero. 


The ST16C1550/51/52 provides four level prioritized 
interrupt conditions to minimize software overhead 
during data character transfers. The Interrupt Status 
Register (ISR) provides the source of the interrupt in 
prioritized 
matter. 
During 
the 
read 
cycle 
the 
ST16C1550/51/52 
provides the highest 
interrupt 


level to be serviced by CPU. No other interrupts are 
acknowledged until the particular interrupt isserviced. 
The following are the prioritized interrupt levels: 


, 


p.,.. 03 
02 
01 
00 
Source of the interrllpt 


1 
0 
1 
1 
0 
LSR (Receiver Line Sta- 
tus Register) 
2 
0 
1 
0 
0 
RXRDY (Received Data 
Ready) 
2* 
1 
1 
0 
0 
RXRDY (Received Data 
time out) 
3 
0 
0 
1 
0 
TXRDY( 
Transmitter 
Holding Register Empty) 
4 
0 
0 
0 
0 
MSR 
(Modem 
Status 
Register) 


*RECEIVE TIME-OUT: 
This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received oreach time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 


Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40 I 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 


Example -8: If user programs the word length = 7, with 
parity and one stop bit, the time out will be: 
T = 4 X 7(programmed word length) + 12 = 40 bits 
Character time = 40 I 10 [ (programmed word length 
= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 
characters. 


ISR BIT-O: 
O=aninterrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 
1=no interrupt pending. 


ISR BIT 1-2: 
Logical combination of these bits, provides the high- 
est priority interrupt pending. 


ISR BIT 3: 
This bit is used with conjunction of ISR bit 0-2: 
O=normal interrupt mode 
1=receive time-out indicator when priority level is set 
to "2" (DO=O,D1=O,and D2=1) 


ISR bit-4: 
This bit isthe compliment of TXRDY· (ST16CSSO)pin 
when IER bit-4 is set to "1". 
O=transmitter is full 
1=transmitter is empty or less than full 


ISR bit-5: 
This bit isthe compliment of RXRDY· (ST16CSSO)pin 
when IER biot-4 is set to "1". 
O=receiver is empty. 
1=receiver is not empty 


ISR bit-6-7: 
0=16C4S0 mode 
1=16CSSOmode 


This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 


FCR BIT-O: 
O=Disable the transmit and receive FIFO. 
1=Enable the transmit and receive FIFO. 
This bit should be enabled before setting the FIFO 
trigger levels. 


FCR BIT-1: 
O=Nochange. 
1=Clears the contents of the receive FIFO and resets 
its counter logic to 0 (the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 


ST16C1550 
ST16C1551/1552 


FCR BIT-2: 
O=No change. 
1=Clears the contents of the transmit FIFO and resets 
its counter logic to 0 (the transmit shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 


FCR BIT-3: 
O=No change. 
1=Changes RXRDY and TXRDY pins from mode "0" 
to mode "1". 


Transmit operation 
in mode "0": 
When ST16CSSOis in ST16C4S0 mode (FCR bit-O=O 
) or in the FIFO mode ( FCR bit-0=1, FCR bit-3=0 ) 
when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY· pin will go low. 
Once active the TXRDY· pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 


Receive operation 
in mode "0": 
When ST16CSSOis in ST16C4S0 mode ( FCR bit-O=O 
) orin the FIFO mode (FCR bit-0=1, FCR bit-3=0) and 
there is at least 1 character in the receive FIFO, the 
RXRDY· pin will go low. Once active the RXRDY· pin 
will go high (inactive) when there are no more charac- 
ters in the receiver. 


Transmit 
operation 
in mode "1 ": 
When ST16CSSOis in FIFO mode (FCR bit-0=1, FCR 
bit-3=1 ) the TXRDY· pin will become high (inactive) 
when the transmit FIFO is completely full. Itwill be low 
if one or more FIFO locations are empty. 


Receive operation 
in mode "1 ": 
When ST16CSSOis in FIFO mode (FCR bit-0=1, FCR 
bit-3=1 ) and the trigger level or the timeout has been 
reached, the RXRDY· pin will go low. Once it is 
activated it will go high (inactive) when there are no 
more characters in the FIFO. 


FCR BIT 4-5: 
These bits are used to set the transmit trigger levels. 
See receive FIFO trigger table. 


•••••••••••••••••••••••••••••••••••• 
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FCR 81T 6-7: 
These bits are used to set the trigger level for the 
receiver FIFO interrupt. 


81T-7 
81T-6 
FIFO trigger 
level 


0 
0 
01 
0 
1 
04 
1 
0 
08 
1 
1 
14 


The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 


LCR 81T1-0: 
These two bits specify the word length to be transmit- 
ted or received. 


81T•.1 
81T-0 
Word length 


0 
0 
5 
0 
1 
6 
1 
0 
7 
1 
1 
8 


LCR 8IT-2: 
The number of stop bits can be specified by this bit. 


81T-2 
Word length 
Stop bit(s) 


0 
5,6,7,8 
1 
1 
5 
1-1/2 


1 
6,7,8 
2 


LCR 8IT-3: 
Parity or no parity can be selected via this bit. 
O=no parity 
1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 


LCR 8IT-4: 
Ifthe parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 
O=ODDparity is generated by forcing an odd number 
of 1's in the transmitted data, receiver also checks for 
same format. 
1= EVEN parity bit isgenerated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 


LCR 8IT-5: 
If the parity bit is enabled, LCR 
BIT-5 selects the 
forced parity format. 
LCR BIT-5=1 and LCR BIT-4=O, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1, parity bit is forced to 
"0" in the transmitted and received data. 


LCR 8IT-6: 
Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
O=normal operating condition. 
1=forces the transmitter output (TX) to go low to alert 
the communication terminal. 


LCR BIT-7: 
The internal baud rate counter latch enable (DLEN). 
O=normal operation. 
1=select divisor latch register. 


This register controls the interface with the MODEM 
or a peripheral device (RS232). 


MCR BIT-O: 
O=force DTR* output to high. 
1=force DTR* output to low. 
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MCR BIT-1: 
O=force RTS* output to high. 
1=force RTS* output to low. 


MCR BIT-2: 
O=normal operation. 
1=software reset, set RST output to high. 


MCR BIT-3: 
O=set INT output pin to three state mode. 
1=set INT output pin to normal operation mode. 


MCR BIT-4: 
O=normal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) ,CTS*, DSR*, CD*, and RI* are 
disabled. Internally the transmitter 
output is con- 
nected to the receiver input and DTR*, RTS*, SOFT 
reset and INT enable are connected to modem control 
inputs. 
In this mode, the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
nowthe lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER. 


MCR BIT 5-6: 
Not used. Are set to zero permanently. 


MCR bit-7: 
O=normal mode. 
1=powerdown mode. CLK, XTAL 1, XTAL2, and baud 
rate generators are disabled. 


This register provides the status of data transfer to 
.CPU. 


LSR BIT-O: 
O=nodata in receive holding register or FIFO. 
1=data has been received and saved in the receive 


LSR BIT-1: 
O=nooverrun error (normal). 
1=overrun error, next character arrived before receive 
holding register was emptied or if FIFOs are enabled, 
an overrun error will occur only after the FIFO is full 
and the next character has been completely received 
in the shift register. Note that character in the shift 
register is overwritten, but it is not transferred to the 
FIFO. 


LSR BIT-2: 
O=no parity error (normal). 
1=parity error, received data does not have correct 
parity information. 
In the FIFO mode this error is 
associated with the character at the top of the FIFO. 


LSR BIT-3: 
O=noframing error (normal). 
1=framing error received, received data did not have 
a valid stop bit. In the FIFO· mode this error is 
associated with the character at the top of the FIFO. 


LSR BIT-4: 
O=no break condition (normal) .. 
1=receiver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character is loaded into the FIFO. 


LSR BIT-5: 
O=transrnit holding register is full. ST16C1550/51/52 
will not accept any data for transmission. 
1=transmit holding register (or FIFO) is empty. CPU 
can load the next character. 


LSR BIT-6: 
O=transmitter holding and shift registers are full. 
1=transmitter holding and shift registers are empty. In 
FIFO mode this bit is set to one whenever the trans- 
mitter FIFO and transmit shift register are empty. 


LSR BIT-7: 
O=Normal. 
1=At least one parity error, framing error or break 
indication in the FIFO. This bit is cleared when LSR is 
read. 


I.·...·.·I!.····.······.·· 
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This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MOOEM changes state. They 
are set to "0" whenever the CPU reads this register. 


MSR BIT-O: 
Indicates that the CTS* input to the ST16C1550/51/52 
has changed state since the last time it was read. 


MSR BIT-1: 
Indicates that the OSR* input to the ST16C1550/511 
52 has changed state since the last time it was read. 


MSR BIT-2: 
Indicates that the RI* input to the ST16C1550/51/52 
has changed from a low to a high state. 


MSR BIT-3: 
Indicates that the CO* input to the ST16C1550/51/52 
has changed state since the last time it was read. 


MSR BIT-4: 
This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 


MSR BIT-5: 
This bit is equivalent to OTR in the MCR during local 
loop-back mode. It is the compliment of the OSR* 
input. 


MSR BIT-6: 
This bit is equivalent to SOFT reset in the MCR during 
local loop-back mode. It is the compliment of the RI* 
input. 


MSR BIT-7: 
This bit is equivalent to INT enable in the MCR during 
local loop-back mode. It is the compliment to the CO* 
input. 


ST16C1550/51/52 
provides a temporary data register 
to store 8 bits of information for variable use. 


BAUD 
RATE 
GENERATOR 
PROGRAMMING 


TABLE (1.8432 MHz CLOCK): 


\ SAUD RATE 
16 x CLOCK 
IYo I;RROR 
k 
. 


DIVISOR 


50 
2304 


75 
1536 


110 
1047 
0.026 


134.5 
857 
0.058 


150 
768 


300 
384 


600 
192 


1200 
96 


2400 
48 


3600 
32 


4800 
24 


7200 
16 


9600 
12 


19.2K 
6 


38.4K 
3 


56K 
2 
2.77 


115.2K 
1 


ST16C1550/51/52 
EXTERNAL RESET CONDI- 


TION 


REGISTERS 
RESET~TATE 


IER 
IER BITS 0-7=0 


ISR 
ISR BIT-0=1, ISR BITS 1-7=0 


LCR 
LCR BITS 0-7=0 


MCR 
MCR BITS 0-7=0 


LSR 
LSR BITS 0-4=0, 
LSR BITS 5-6=1 LSR, BIT 7=0 


MSR 
MSR BITS 0-3=0, 
MSR BITS 4-7=input signals 


FCR 
FCR BITS 0-7=0 
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SIGNALS. 
RESET STATE 


TX 
High 
SOFTreset 
High 
RTS* 
High 
DTR* 
High 
INT 
Threestate 
...........•:; 
.•.•••. 
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It)o 
It) 
It).•..o 
CD 
~ 
AC ELECTRICAL 
CHARACTERISTICS 
tJ) 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


T, 
Clock high pulse duration 
50 
rs 
T2 
Clock low pulse duration 
50 
rs 
Extemal clock 
T3 
Clock rise/fall ti me 
10 
rs 
T8 
Chipselectsetuptime 
5 
rs 
T9 
Chipselect 
hold time 
0 
rs 
T'2 
Data set uptime 
15 
rs 
T'3 
Data hold time 
15 
rs 
T'4 
IOW*delayfrom 
chip select 
10 
rs 


T'5 
IOW* strobe width 
50 
ns 
T'6 
Chip select 
hold time from 
IOW* 
0 
ns 
Tn 
Write 
cycle delay 
55 
ns 
Tw 
Write 
cycle=T,5+T,7 
105 
ns 


T'9 
Data hold time 
15 
ns 
T21 
IOR* delay from chip select 
10 
ns 
T23 
IOR* strobe width 
65 
ns 
T24 
Chip select 
hold time from 
IOR* 
0 
ns 
T25 
Read cycle delay 
55 
ns 
Tr 
Read cycle=T23+T25 
115 
ns 
T26 
Delay from 
IOR* to data 
35 
ns 
100 pF load 
T28 
Delay from 
IOW* to output 
50 
ns 
100 pF load 


T29 
Delay to set interrupt 
from 
MODEM 
70 
ns 
100 pF load 
input 


T30 
Delay to reset interrupt 
from 
IOR* 
70 
ns 
100 pF load 


T3, 
Delay from stop to set interrupt 
1Rcl< 
rs 
100pFIoad 


T32 
Delay from IOR*to 
reset interrupt 
200 
rs 
100pFIoad 


T33 
Delayfrom 
initiallNT 
resetto 
transmit 
8 
24 
* 
start 


T34 
Delayfrom 
stopto 
interrupt 
100 
rs 
T35 
Delay from IOW* to reset interrupt 
175 
rs 
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Supply 
range 
Voltage 
at any pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


7 Volts 
GND-0.3 
V 
to 
VCC+0.3 
V 
O· C to +70· C 
-40· 
C to +150· 
C 
500 mW 


Symbol 
~arameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


V,lCK 
Clock input low level 
-0.5 
0.6 
V 
V,HCK 
Clock input high level 
3.0 
VCC 
V 
V,l 
Input low level 
-0.5 
0.8 
V 
V,H 
Input high level 
2.2 
VCC 
V 


VOL 
Output low level on all outputs 
0.4 
V 
IOl= 6 mA 
VOH 
Output high level 
2.4 
V 
IOH=-6 mA 


Icc 
Avg. powersupplycurrent 
6 
mA 


I'l 
Input leakage 
±10 
l-lA 
ICl 
Clock leakage 
±10 
l-lA 


DO 
28 
vcc 


01 
CO· 


02 
OSR· 


03 
CTS· 


04 
RESET 


05 
OTR' 


os 
RTS· 


07 
AD 


RX 
Al 


TX 
A2 


CS· 
INT 


XTAL1 
RI· 


XTAl2 
lOR· 


'ON" 
14 
GNO 


DO 
VCC 


01 
CO· 


02 
OSR' 


03 
CTS· 


04 
RESET 


05 
OTR' 


os 
RTS· 


07 
AD 


RX 
A1 


TX 
A2 


CS· 
INT 


ClK 
RST 


'ON" 
ill· 


GNO 
lOR· 
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.~-~~~--- 


I.• T8 ~i 
-.i i- T9 


~~-~~-~~ 


T14 :.-- 
T15 
~T16 
T17 


. 
lOll 
~.OII 
~I 
~----~ 
; 


~:OII ~lT13 


\,.! 


T26 
lOll 
~I 
_ 
T19 


DO-D7 
__ 
···················_~_~~~~:~0~/uuuuuuuuuu_ 
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RTS' 
DTR* 


CD 
CTS 
DSR 


\~/ 


~ 
T28 


uuununuuuuuuuuuuuuuuuunnA_--- 
----- 
\~_/ 


____ 
I u 
v 


- 
1 


:... 
.; 
----....,i+- 


E~TLEOR;:L 
0 
~.' 
;' (\ 
,~ 1/\ 
1\ 
-IJ 
~ 
T1 
\-J: 
~ 
:\3 
~ 
\ 
i 
:. 
.., 
----.; ;.- 


i 
' 
; 


I'" 
•. i.. 
"I 


••••••••••••••••••••••••••••••••••••••• 


ST16C1550 
ST16C1551/1552 


START BIT-- 
STOP BIT 
_-----------------~~I 
~ 


I 
I 
I 
I 
I 
.1 
I 
I 
I~: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
--" 


PARITY BIT. 
NEXT 
DATA 
START BIT 


/ 
\ 
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START BIT--14 


STOP BIT-- 


1 


1 


1 
I 
I 


~I 
1 


1 
I 


1"I 
1 


1 


1 


1 
1 


1 
1 
1 
1 


1 


1 


1 


1 


1 
I 
I 


1 


NEXT 
DATA 
START BIT 


-.i i.-- T31 


'y 


1 


1 
: 
T32 
---.j 
k- 


:~: 
I 
: 
I 
I 
L_ 
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~STARTECH 
ST16C2550 


r DESCRIPTION 


I 


The ST16C2550 is a dual asynchronous receiver and 
transmitter with 16 byte transmit and receive FIFO. 
Independent programmable baud rate generators are 
provided to select transmit and receive clock rates 
from 50Hz to 448kHz for each UART. 
The ST16C2550 
is an improved 
version 
of the 
NS16C550 UART with higher operating speed and 
lower access time. The ST16C2550 on board status 
registers 
provides the error 
conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C2550 
provides internal loop-back capability for on board 
diagnostic testing. 
The ST16C2550 is fabricated in an advanced 1.2).! 
CMOS process to achieve low drain power and high 
speed requirements. 


r FEATURES 


I 


• Pinto pin and functional compatible to ST16C2450 
.16 
byte transmit FIFO 
.16 
byte receive FIFO with error flags 
• Modem control signals (CTS", RTS", DSR", DTR", . 


RI", CD") 
• Programmable character lengths (5, 6, 7, 8) 
• Even, odd, orno parity bitgeneration and detection 
• Status report register 
• Independent transmit and receive control 
• TTL compatible inputs, outputs 
• Software compatible with INS8250, NS16C550 
.448 
kHz transmit/receive 
operation with 7.372 
MHz crystal or external clock source 


r ORDERING 
INFORMATION 
i 
. 


Partnumber 
Package 
Operatingtemperature 
ST16C2550CP40 
Plastic-DIP 
0° C to + 70° C 
ST16C2550CJ44 
PLCC 
0° C to + 70° C 
"Industrial operating range are available 


PLCC Package 


~ 8 
S 
Q 
8 
~ § ~ ~ ~ ~ 


VCC 


RIA" 


CDA" 


37 
OSRA" 


04 
5 
36 
CTSA" 


05 
6 
RESET 


OTRB" 


0 
OTRA" 
va.. 
3 
RTSA" 
() 


RXA 
10 
0 
OPA" 
'" 
L() 
N 
INTA 
() 
CD 
TXB 
;:: 
INTB 
en 
OPB" 
AO 


CSA" 
A1 


CSB" 
f<2 


XTAL1 
CTSB" 


XTAL2 
RTSB" 


ION" 
RIB" 


COB· 
OSRB" 


GNO 
20 
lOR" 


I.··.··.• 
·....····.············ 


Z 
B~ 
~ 
;o?:l~ 
0 
mBo~ 
z 
(J)~(J),? 
0 


--i 
m 
OJ~ 
6 
OJ 
--i 
,f\) 
-.J 


H 


,r 
• r 


INTERRUPT 
CONTROL 
DATA 
LOGIC 
LOGIC 
BUS 


I 
I 
I 


~ 
•.. 


Qo 
0 
.... 
m 
;Or 
SAUD RATE 
r;;: 
00 
00 
co 
GENERATOR 
Qo 
=i;>; 
Oz 
;U 
...• 
0 
!'- 
r 
........- 


! 
!; 
I 


;~ 


RECEIVE 
FIFO 
TRANSMIT 
FIFO 
CONTROL 
CONTOL 
LOGIC (DUAL) 
LOGIC (DUAL) 


RTSA',DTRA' 
OPA',OPS' 
RTSS' , DTRS' 


CTSA',DSRA' 
CTSS'. 
DSRS' 
CDA', 
RIA' 


CDS',RIS' 


en-t 
~en 
(") 
I\) 
c.n 
c.no 
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Symbol 
Pin 
Signal Type 
Pin Description 


00-07 
1-8 
1/0 
Si-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RXAlS 
10,9 
I 
Serial data inputAlS. The serial information (data) received 
from serial port to ST16C2550 receive input circuit. A mark 
(high) is logic one and a space (low) is logiczero. During the 
localloopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


TXAlS 
11,12 
0 
Serial data output AlS. The serial data is transmitted via 
this pinwith additional start, stop and parity bits. The TXwill 
be held in mark (high) state during reset, local loopback 
mode or when the transmitter is disabled. 


CS AlS· 
14,15 
I 
Chip select AlS. (active low) A low at this pin enables the 
ST16C2550 I CPU data transfer operation. 


XTAL1 
16 
I 
Crystal input 1 or external clock input. A crystal 
can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generatorfor custom transmis- 
sion rates. 


XTAL2 
17 
I 
Crystal input 2 or buffered clock output. See XTAL1. 


lOW· 
18 
I 
Write strobe. (active low) A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


lOR· 
21 
I 
Read strobe. (active low) A low level on this pin transfers 
the contents of the ST16C2550 data bus to the CPU. 


AO-A2 
28-26 
I 
Address select lines. To select internal registers. 


INT AlS 
30,29 
0 
Interrupt output AlS. (active high) This pin goes high (when 
enabled by the interrupt enable register) whenever a re- 
ceiver error, receiver data available, transmitter empty, or 
modem status condition flag is detected. 


I••·••••• 
•••· 
•• 
·····.····.···I·· 
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Interrupt enable output (active low). 
This pin stays high 
when INT out pin is set to three state mode and goes low 
when INT pin is enabled via OP2*. See bit-3 modem control 
register (MCR bit-3). 


Request to send AlB (active low). To indicate that the 
transmitter has data ready to send. Writing a 
"1" in the 
modem control register (MCR bit-1 ) will set this pin to a low 
state. After the reset this pin will be set to high. Note that 
this pin does not have any effect on the transmit or receive 
operation. 


Data terminal ready 
AlB (active low). 
To indicate that 
ST16C2550 is ready to receive data. 
This pin can be 
controlled via the modem control register (MCR bit-O). 
Writing a "1" atthe MCR bit-Owill setthe DTR* output to low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset. Note that this pin does not have 
any effect on the transmit or receive operation. 


Master reset. (active high) A high on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


Clear to send AlB (active low). The CTS* signal is a 
MODEM control function input whose conditions can be 
tested by reading the MSR BIT-4. CTS* has no effect onthe 
transmit or receive operation. 


Data set ready AlB (active low). A low on this pin indicates 
the MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


Carrier detect AlB (active low). A low on this pin indicates 
the carrier has been detected by the modem. 


Ring detect indicator A/B (active low). A low on this pin 
indicates the modem has received a ringing signal from 
telephone line. 
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Transmit ready. (active high) This pin goes high when the 
transmit FIFO of the ST16C550 is full. It can be used as a 
single or multi-transfer. 


Receive ready. (active low) This pin goes low when the 
receive FIFO is full. It can be·used as a single or multi- 
transfer. 


. 
, 
. 


WF{tt~MQPJ;{··· 


Transmit Holding Register 
Interrupt Enable Register 
FIFO Control Register 
Line Control Register 
Modem Control Register 
Line Status Register 
Modem Status Register 
Scratchpad Register 
Scratch pad Register 
LSB of Divisor Latch 
MSB of Divisor Latch 


51:1602550 


A2A1JAO 
R~~jst~r··B"r~7 
I:' 
.: 
BIT"5 
811'-4'·'·' BIT"3' 
BIT-2 
BIT21 , 
81T4) 
..., 
.BIT-6 


0 
0 
0 
RHR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
THR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
1 
IER 
0 
0 
0 
0 
modem 
receive 
transmit 
receive 
status 
line 
holding 
holding 
interrupt 
status 
register 
register 
interrupt 


0 
1 
0 
FCR 
RCVR 
RCVR 
0 
0 
OMA 
XMIT 
RCVR 
FIFO 
trigger 
trigger 
mode 
FIFO 
FIFO 
enable 
(MSB) 
(LSB) 
select 
reset 
reset 


0 
1 
0 
ISR 
01 
01 
0 
0 
int 
int 
int 
int 
FIFOs 
FIFOs 
priority 
priority 
priority 
status 
enabled 
enabled 
bit-2 
bit-1 
bit-O 


0 
1 
1 
LCR 
divisor 
set 
set 
even 
parity 
stop 
word 
word 
latch 
break 
parity 
parity 
enable 
bits 
length 
length 
enable 
bit-1 
bit-O 


1 
0 
0 
MCR 
0 
0 
0 
loop 
OP21 
Not 
RTS* 
OTR* 
back 
INT 
used 
enable 


1 
0 
1 
LSR 
01 
trans. 
trans. 
break 
framing 
parity 
overrun 
receive 
FIFO 
empty 
holding 
interrupt 
error 
error 
error 
data 
error 
empty 
ready 


1 
1 
0 
MSR 
CO 
RI 
OSR 
CTS 
delta 
delta 
delta 
delta 
CO* 
RI* 
OSR* 
CTS* 


1 
1 
1 
SPR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
DLL 
bit-7 
bit·6 
bit·S 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 1 
DLM 
bit·1S 
bit-14 
bit-13 
bit-12 
bit-11 
bit-10 
bit-9 
biteS 
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REGISTER 
FUNCTIONAL 
DESCRIPTIONS 


TRANSMIT AND RECEIVE HOLDING REGISTER 


The serial transmitter section consists of a Transmit 
Hold Register (THR) and 
Transmit Shift Register 
(TSR). The status of the transmit hold register 
is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (07-00) to the Transmit holding register when- 
ever the transmitter 
holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that 
a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 
On the falling edge ofthe start bit,the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiver status codes will 
be posted in the Line Status Register. 


When the receive FIFO (FCR BIT-0=1) and receive 
interrupts (IER BIT-0=1) are enabled, receiver inter- 
rupt will occur as follows: 


A) The receive data available interrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will be cleared assoon asthe 
FIFO drops below its programmed trigger level. 


B) 
The ISR receive data available indication also 
occurs when the FIFOtrigger level is reached, and like 
the interrupt it is cleared when the FIFO drops below 
the trigger level. 


C) The data ready bit (LSR BIT-O)is set as soon as a 
character is transferred from the shift register to the 
receiver FIFO. It is reset when the FIFO is empty. 


When FCR BIT-0=1; resetting IER BIT 3-0to zero puts 
the ST16C2550 in the FIFO polled mode of operation. 
Since the receiver and transmitter 
are controlled 
separately either one or both can be inthe polled mode 
operation by utilizing the Line Status Register. 
~t~:~e~~T;~ 
~Ii~~~ set as long as there is one byte II 


B) 
LSR BIT4-1 will specify which error(s) has oc- 
curred. 


C) LSR BIT-5 will indicate when the transmit FIFO is 
empty. 


D) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 


E) LSR BIT-7 will indicate when there are any errors 
in the receive FIFO. 


The ST16C2550 requires to have two step FIFO 
enable operation in order to enable receive trigger 
levels. 


The ST16C2550 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-8 MHz and dividing it by any divisor from 1 
to 216 -1. The output 
frequency of the Baudout* is 
equal to 16X of transmission baud rate (Baudout*=16 
x Baud Rate). 
Customize 
Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 


The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 


ST16C2550 


IER BIT-O: 
O=disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 


IER BIT-1: 
O=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 


IER BIT-2: 
O=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 


IER BIT-3: 
O=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 


IER BIT 4-7: 
All these bits are set to logic zero. 


The ST16C2550 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Interrupt Status Regis- 
ter (ISR) provides the source of the interrupt in priori- 
tized matter. During the read cycle the ST16C2550 
provides the highest interrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized interrupt levels: 


P 
03 
02 
01 
DO 
Sourceottheinterru 
pt.... 


1 
0 
1 
1 
0 
LSR (Receiver Line Sta- 
tus Register) 


2 
0 
1 
0 
0 
RXRDY (Received Data 
Ready) 


2* 
1 
1 
0 
0 
RXRDY (Received Data 
time out) 


3 
0 
0 
1 
0 
TXRDY( 
Transmitter 
Holding Register Empty) 
4 
0 
0 
0 
0 
MSR 
(Modem 
Status 
Register) 


*RECEIVE TIME-OUT: 
This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out.will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 


Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40 / 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1»)= 4.4 characters. 


Example -B: If user programs the word length = 7, with 
parity and one stop bit, the time out will be: 
T = 4 X 7(programmed word length) + 12 = 40 bits 
Character time = 40 /10 [ (programmed word length 
= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 
characters. 


ISR BIT-O: 
O=aninterrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 
1=no interrupt pending. 


ISR BIT 1-3: 
Logical combination of these bits, provides the high- 
est priority interrupt pending. 


ISR BIT 4-7: 
These bits are not used and are set to zero in 
ST16C450 
mode. 
BIT 
6-7: 
are 
set to 
"1" 
in 
ST16C2550 mode. 


This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 


FCR BIT-O: 
O=Disable the transmit and receive FIFO. 


ST16C2550 


1=Enable the transmit and receive FIFO. 
This bit should be enabled before setting the FIFO 
trigger levels. 


FCR BIT-1: 
O=No change. 
1=Clears the contents of the receive FIFO and resets 
its counter logic to 0 (the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 


FCR BIT-2: 
O=No change. 
1=Clears the contents of the transmit FIFO and resets 
its counter logic to 0 (the transmit shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 


FCR BIT-3: 
O=No change. 
1=Changes RXRDY and TXRDY pins from mode "0" 
to mode "1". 


Transmit 
operation 
in mode "0": 


When ST16C2550 is in ST16C450 mode ( FCR bit- 
0=0) or in the FIFO mode (FCR bit-0=1, FCR bit-3=0 
) when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 


Receive operation 
in mode "0": 
When ST16C2550 is in ST16C450 mode ( FCR bit- 
0=0) or in the FIFO mode (FCR bit-0=1 , FCR bit-3=0 
) and there is at least 1 character in the receive FIFO, 
the RXRDY* pin will go low. Once active the RXRDY* 
pin will go high (inactive) when there are no more 
characters in the receiver. 


Transmit 
operation 
in mode "1 ": 
When ST16C2550 is in ST16C550 mode ( FCR bit- 
0=1, FCR bit-3=1 ) the TXRDY* pin will become high 
(inactive) when the transmit FIFO is completely full. It 
will be low if one or more FIFO locations are empty. 


Receive operation 
in mode "1 ": 
When ST16C2550 is in ST16C550 mode ( FCR bit- 
0=1, FCR bit-3=1 ) and the trigger level orthe timeout 
has been reached, the RXRDY* pin will go low. Once 
it is activated it will go high (inactive) when there are 
no more characters in the FIFO. 


FCR BIT 4-5: 
Not used. 


FCR BIT 6-7: 
These bits are used to set the trigger level for the 
receiver FIFO interrupt. 


BlfL? 


L' 
/FIFotriQ~~rl~y,IU 
,:,.. 


0 
0 
01 
0 
1 
04 
1 
0 
08 
1 
1 
14 


The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 


LCR BIT1-0: 
These two bits specify the word length to be transmit- 
ted or received. 


LCR BIT-2: 
The number of stop bits can be specified by this bit. 


BIT-2 
Word length 
Stop bit(s) 
.....i· 
.. 


0 
5,6,7,8 
1 
1 
5 
1-1/2 
1 
6,7,8 
2 


LCR BIT-3: 
Parity or no parity can be selected via this bit. 
O=no parity 
1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 


LCR BIT-4: 
If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 
O=ODDparity is generated by forcing an odd number 
of 1's in the transmitted data, receiver also checks for 
same format. 
1= EVEN parity bit isgenerated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 


LCR BIT-5: 
If the parity bit is enabled, LCR 
BIT-S selects the 
forced parity format. 
LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-S=1 and LCR BIT-4=1, parity bit is forced to 
"0" in the transmitted and received data. 


LCR BIT-6: 
Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
O=normal operating condition. 
1=forces the transmitter output (TX) to go low to alert 
the communication terminal. 


LCR BIT-7: 
The internal baud rate counter latch enable (DLAB). 
O=normal operation. 
1=select divisor latch register. 


This register controls the interface with the MODEM 
or a peripheral device (RS232). 


MCR BIT-O: 
O=force DTR* output to high. 
1=force DTR* output to low. 


MCR BIT-1: 
O=force RTS· output to high. 
1=force RTS· output to low. 


MCR BIT-2: 
Not used except in local loop-back mode. 


MCR BIT-3: 
O=set INT output pin to three state mode and OP2* 
output to high. 
1=set INT output pin to normal operating mode and 
OP2* output to low. 


MCR BIT-4: 
O=normal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) ,CTS*, DSR*, CD*, and RI* are 
disabled. Internally the transmitter 
output is con- 
nected to the receiver input and DTR*, RTS*, MCR 
bit-2 and OP2*/INT enable are connected to modem 
control inputs. 
In this mode, the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
nowthe lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER. 


MCR BIT 5-7: 
Not used. Are set to zero permanently. 


This register provides the status of dpta transfer to 
CPU. 
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LSR BIT-O: 
O=nodata in receive holding register or FIFO. 
1=data has been received and saved in the receive 
holding register or FIFO. 


LSR BIT-1: 
O=no overrun error (normal). 
1=overrun error, next character arrived before receive 
holding register was emptied or if FIFOs are enabled, 
an overrun error will occur only after the FIFO is full 
and the next character has been completely received 
in the shift register. Note that character in the shift 
register is overwritten, but it is not transferred to the 
FIFO. 


LSR BIT-2: 
O=no parity error (normal). 
1=parity error, received data does not have correct 
parity information. 
In the FIFO mode this error is 
associated with the character at the top of the FIFO. 


LSR BIT-3: 
O=noframing error (normal). 
1=framing error received, received data did not have 
a valid stop bit. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 


LSR BIT-4: 
O=no break condition (normal). 
1=receiver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character is loaded into the FIFO. 


LSR BIT-5: 
O=transmit holding register is full. ST16C2550 will not 
accept any data for transmission. 
1=transmit holding register (or FIFO) is empty. CPU 
can load the next character. 


LSR BIT-6: 
O=transmitter holding and shift registers are full. 
1=transmitter holding and shift registers are empty. In 
FIFO mode this bit is set to one whenever the trans- 
mitter FIFO and transmit shift register are empty. 


LSR BIT-7: 
O=Normal. 
1=At least one parity error, framing error or break 
indication in the FIFO. This bit is cleared when LSR is 
read. 


This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MOOEM changes state. They 
are set to "0" whenever the CPU reads this register. 


MSR BIT-O: 
Indicates that the CTS* input to the ST16C2550 has 
changed state since the last time it was read. 


MSR BIT-1: 
Indicates that the OSR* input to the ST16C2550 has 
changed state since the last time it was read. 


MSR BIT-2: 
Indicates that the RI* input to the ST16C2550 has 
changed from a low to a high state. 


MSR BIT-3: 
Indicates that the CO* input to the ST16C2550 has 
changed state since the last time it was read. 


MSR BIT-4: 
This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 


MSR BIT-5: 
This bit is equivalent to OTR in the MCR during local 
loop-back mode. It is the compliment of the OSR* 
input. 


MSR BIT-6: 
This bit is equivalent to MCR bit-2during local loop- 
back mode. It is the compliment of the RI* input. 
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MSR BIT-7: 
This bit is equivalent toOP2*/INT enable in the MCR 
during local loop-back mode. It is the compliment to 
the CD* input. 


Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 


ST16C2550 provides a temporary data register to 
store 8 bits of information for variable use. 


BAUD RATE GENERATOR 
PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 


REqISTf:RS 


IER 
ISR 
LCR 
MCR 
LSR 


IER BITS 0-7=0 
ISR BIT-0=1, ISR BITS 1-7=0 
LCR BITS 0-7=0 
MCR BITS 0-7=0 
LSR BITS 0-4=0, 
LSR BITS 5-6=1 LSR, BIT 7=0 
MSR BITS 0-3=0, 
MSR BITS 4-7=input signals 
FCR BITS 0-7=0 


TX 
High 
50 
2304 
OP2* 
High 
75 
1536 
RTS* 
High 
110 
1047 
0.026 
DTR* 
High 
134.5 
857 
0.058 
INT 
Three state mode 
150 
768 
300 
384 
600 
192 
1200 
96 
2400 
48 
3600 
32 
4800 
24 
7200 
16 
9600 
12 
19.2K 
6 
38.4K 
3 
56K 
2 
2.77 
115.2K 
1 
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Symbol 


:'" 
'.',. 
:, 


. Limits 
Units 
Conditions 
Parameter 
Min 
Typ 
Max 


T, 
Clock 
high pulse duration 
50 
ns 
T2 
Clock 
low pulse duration 
50 
ns 
External 
clock 
T3 
Clock 
rise/fall 
time 
10 
ns 
T8 
Chip select 
setup time 
5 
ns 
T9 
Chip select 
hold time 
0 
ns 


T'2 
Data set up time 
15 
ns 


T'3 
Data hold time 
15 
ns 


T,. 
lOW· 
delay from chip select 
10 
ns 


T'5 
lOW· 
strobe width 
50 
ns 


T'6 
Chip select 
hold time from 
lOW· 
0 
ns 
T17 
Write 
cycle delay 
55 
ns 
Tw 
Write 
cycle=T'5+T17 
105 
ns 


T'9 
Data hold time 
15 
ns 
T21 
lOR· 
delay from 
chip select 
10 
ns 
T23 
lOR· 
strobe width 
65 
ns 


T2• 
Chip select 
hold time from 
lOR· 
0 
ns 
T25 
Read cycle delay 
55 
ns 
Tr 
Read cycle=T23+T25 
115 
ns 
T26 
Delay from 
lOR· to data 
35 
ns 
100 pF load 
T28 
Delay from 
lOW· 
to output 
50 
ns 
100 pF load 
T29 
Delay to set interrupt 
from 
MODEM 
70 
ns 
100 pF load 
input 
T30 
Delay to reset interrupt 
from 
lOR· 
70 
ns 
100 pF load 
T31 
Delay from stop to set interrupt 
1Rei< 
ns 
100 pF load 
T32 
Delay from 
lOR· 
to reset interrupt 
200 
ns 
100 pF load 
T33 
Delay from 
initial 
INT reset to transmit 
8 
24 
. 


start 


T3• 
Delay 
from stop to interrupt 
100 
ns 
T35 
Delay from 
lOW· 
to reset interrupt 
175 
ns 


T•• 
Delay 
from stop to set RxRdy 
1RClK 


T'5 
Delay 
from 
lOR· 
to reset RxRdy 
1 
>IS 
T46 
Delay from 
lOW· 
to set TxRdy 
195 
ns 


T'7 
Delay from start to reset TxRdy 
8 
. 


N 
Baud rate devisor 
1 
2'6_1 
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Supply 
range 
Voltage 
at any pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


7 Volts 
GND-0.3 
V 
to 
VCC+0.3 
V 
00 C to 
+700 
C 
_400 C to +1500 
C 
500 mW 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


V,LCK 
Clock 
input low level 
-0.5 
0.6 
V 


V,HCK 
Clock 
input high level 
3.0 
VCC 
V 


V,L 
Input low level 
-0.5 
0.8 
V 


V,H 
Input high level 
2.2 
VCC 
V 


VOL 
Output 
low level on all outputs 
0.4 
V 
10L=6 mA 


VOH 
Output 
high level 
2.4 
V 
10H=-6 mA 


Ice 
Avg. 
power supply 
current 
6 
mA 


I'L 
Input leakage 
±10 
).lA 


ICL 
Clock 
leakage 
±10 
).lA 


S1~6C.2550 


T14 
~ 
T15 
T17 
. 
l-·-------------~ 


;-li- T9 


121 
~ 
123 
125 
-!.-------------~ 


RTS* 
DTR* 


CD 
CTS 
DSR 


\~I 


H T28 


---------'- 
j 
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EXTERNAL 


CLOCK 
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! 
~k- 
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START BIT--I~ 


I 
I 
I 


1 


1 
.1 
I 
I 
I~: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


1 
I 
I 
--- 


STOP BIT-- 


. 
. 


PARI1Y BIT : 


I 
I 


1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
II 
I 
I 
I 
L 


NEXT 
DATA 
START BIT 


~ 
i+- T34 
'I 


I.·.··.··.··· ·.········ 
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START BIT .- 
14 
STOP BIT- 


PARITY BIT: 
NEXT 
DATA 
START BIT 


I 
--------------------------+---+----~ 


1 
I 
I 
I 
I 
--- 
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START BIT-- 


DA TA BITS (5-8) 


I" 
RX INPUT 
(First byte) 


5 DATA BITS 


I" 
6 DATA BITS 


I" 
7 DATA BITS 


STOP BIT 
-----------------~I 
__ 


\_1 


START BIT 
-- 
DATA BITS(5-8) 
STOP BIT 


•• 
1••------------------l.~1 
__ 


. Fi rst byte that reaches 
: the trigger level 


WT44\__1 
t---IT45 
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START BIT- 
14 
STOP BIT- 


~ 


.... 
:.. 
.-: 


\\ ..s.l'TE:..~~ ..i/ / 


_ 
*- T47 


_____ 
14 
~! \_- 


ST16C2550 


START BIT-I" 


STOP BIT- 


~ 
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ST16C2552 


f DESCRIPTION 
, 
_ 
.. - 
. 


The ST16C2552 is a dual asynchronous receiver and 
transmitter with 16 byte transmit and receive FIFOs. 
Independent programmable baud rate generators are 
provided to select transmit and receive clock rates 
from 50Hz to 448kHz for each UART. 
The on board status registers of the ST16C2552 
provide the error conditions, type and status of the 
transfer operation being performed. Complete MO- 
DEM 
control capability and a processor interrupt 
system that may be software tailored to the user's 
requirements are included. The ST16C2552 provides 
internal loop-back capability for on board diagnostic 
testing. 
Signalling for DMA transfers is done through two pins 
per channel (TXRDY, RXRDY*). The RXRDY* func- 
tion is multiplexed on one pin with the OP2* and 
BAUDOUT functions. CPU can select these functions 
through the Alternate Function Register. 
The ST16C2552 is fabricated in an advanced 1.2l-l 
CMOS process to achieve low power and high speed . 
requirements. 


I FEATURES 
, 


• Pin to pin and functional compatible to National 
NS16C552 
.16 
byte transmit FIFO 
• 16 byte receive FIFO with error flags 
• Modem control signals (CTS*, RTS*, DSR*, DTR*, 


RI*, CD*) 


• Programmable character lengths (5, 6, 7, 8) bits 
• Even, odd, orno parity bitgeneration and detection 
• Status report register 
• TTL compatible inputs, outputs 
• Independent transmit and receive control 
• Software compatible with INS8250, NS16C550 
.448 
kHz transmit/receive 
operation with 7.372 
MHz crystal or external clock source 


f ORDERING 
INFORMATION 


i 
' 
. 


Part number 
ST16C2552CJ44 
ST16C25521J44 


Package 
PLCC 
PLCC 


Operating 
temperature 
0° C to + 70°C 
_40° C to + 85° C 


1•.•••••·.1..·..·...·..··.·····.·.·.·· 
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INTERRUPT 
CONTROL 
DATA 
LOGIC 
LOGIC 
BUS 


I 
s: 
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0 
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Qo 
0 
::Or 
BAUD RATE 
rm 
00 
GENERATOR 
oS: 
co 
(DUAL) 
Glo 


~;A 
Boz 


! 
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..• 
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0 
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r 
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RECEIVE 
FIFO 
TRANSMIT 
FIFO 
CONTROL 
CONTOL 
LOGIC (DUAL) 
LOGIC (DUAL) 


RTSA", DTRA' 
MFA',MFB' 
RTSB', 
DTRB' 


CTSN, 
DSRA' 


CTSB', 
DSRB' 


CDA', 
RIA' 


CDS',RIB' 
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Bi-directional data bus. Eight bit, three state data bus to 
transfer infonnation to or from the CPU. DO is the least 


~i~~:~~~~~~i~rOt~~~~~~t~~~.us 
and the first serial data bit to II 


Serial data inputAlB. The serial information (data) received 
from serial port to ST16C2552 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
localloopback mode the RX input is disabled from extemal 
connection and connected to the TX output internally. 


Serial data output AlB. The serial data is transmitted via 
this pin with additional start, stop and parity bits. The TX will 
be held in mark (high) state during reset, local loopback 
mode or when the transmitter is disabled. 


Chip select. 
(active low) 
A low at this pin enables the 
ST16C2552 / CPU data transfer operation. 


UART AlB select. UART A or B can beselected by changing 
the state of this pin when CS· is active. Low on this pin, 
selects the UART B and high on this pin selects UART A 
section. 


Crystal input 1 or external clock input. A crystal 
can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generator for custom transmis- 
sion rates. 


Crystal 
input 
2 or buffered clock output. See XTAL1. 


Should be left open if a clcok is connected to XTAL 1. 


Write strobe. (active low) A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


Read strobe. (active low) A low level on this pin transfers 
the contents of the ST16C2552 data bus to the CPU. 
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Symbol 
Pin 
Signal Type 
Pin Description 


INT AfB 
34,17 
0 
Interrupt output AlB. (active high) This pin goes high (when 
enabled by the interrupt enable register) whenever a re- 
ceiver error, receiver data available, transmitter empty, or 
modem status condition flag is detected. 


MF AfB* 
35,19 
0 
OP2* (interrupt enable), BAUDOUT* and RXRDY* outputs. 
These outputs are multiplexed via Alternate Function Reg- 
ister. When output enable function is selected the MF* pin 
stays high when INT out pin is set to three state mode and 
goes low when INT pin is enabled. See bit-3 modem control 
register (MCR bit-3). When BAUDOUTfunction is selected, 
the 16 X TXlRX Baud rate clock output is generated. 
RXRDY function can be selected to use to request a DMA 
transfer of data from the Receive data FIFO. OP2* is the 
default signal and it is selected immediately after master 
reset or power-up. 


TXRDY AfB 
1,32 
0 
Transmit ready. (active high) This pin goes high when the 
transmit FIFO of the ST16C2552 is full. It can be used as a 
single or multi-transfer. 


RTS AfB* 
36,23 
0 
Request to send AfB (active low). To indicate that the 
transmitter has data ready to send. Writing a "1" in the 
modem control register (MCR bit-1 ) will set this pin to a low 
state. After the reset this pin will be set to high. Note that 
this pin does not have any effect on the transmit or receive 
operation. 


DTRAfB* 
37,27 
0 
Data terminal ready 
AfB (active low). 
To indicate that 
ST16C2552 is ready to receive data. 
This pin can be 
controlled via the modem control register (MCR bit-O). 
Writing a "1" atthe MCR bit-Owill setthe DTR* output to low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset. Note that this pin does not have 
any effect on the transmit or receive operation. 


RESET 
21 
I 
Master reset. (active high) A high onthis pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


3-172 
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Symbol 
Pin 
Signal Type 
Pin Description 


CTS AlB* 
40,28 
I 
Clear to send AlB (active low). The CTS* signal is a 
MODEM control function input whose conditions can be 
tested by reading the MSR BIT-4. CTS* has no effect onthe 
transmit or receive operation. 


DSRAlB* 
41,29 
I 
Data set ready AlB (active low). A low on this pin indicates 
the MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


CD AlB* 
42,30 
I 
Carrier detect AlB (active low). A low on this pin indicates 
the carrier has been detected by the modem. 


RI AlB* 
43,31 
I 
Ring detect indicator AlB (active low). A low on this pin 
indicates the modem has received a ringing signal from 
telephone line. 


VCC 
33,44 
I 
Power supply input. 


GND 
12,22 
0 
Signal and power ground. 


A2 
A1 
AO 
READ MODE 
WRITE MODE 


. 


0 
0 
0 
Receive Holding Register 
Transmit Holding Register 
0 
0 
1 
Interrupt Enable Register 
0 
1 
0 
Interrupt Status Register 
FIFO Control Register 
0 
1 
1 
Line Control Register 
1 
0 
0 
Modem Control Register 
1 
0 
1 
Line Status Register 
1 
1 
0 
Modem Status Register 
1 
1 
1 
Scratchpad Register 
Scratch pad Register 
0 
0 
0 
LSB of Divisor Latch 
0 
0 
1 
MSB of Divisor Latch 
0 
1 
0 
Alternate Function Register 
Alternate Function Register 
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A2A1AO 
Register 
81T-7 
81T-6 
81T-5 
81T-4 
81T-3 
81T-2 
81T-1 
81T-o 


0 
0 
0 
RHR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
THR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
1 
IER 
0 
0 
0 
0 
modem 
receive 
transmit 
receive 
status 
line 
holding 
holding 
interrupt 
status 
register 
register 
interrupt 


0 
1 
0 
FCR 
RCVR 
RCVR 
0 
0 
OMA 
XMIT 
RCVR 
FIFO 
trigger 
trigger 
mode 
FIFO 
FIFO 
enable 
MSS) 
(LSS) 
select 
reset 
reset 


0 
1 
0 
ISR 
01 
01 
0 
0 
int 
int 
int 
int 
FIFOs 
FIFOs 
priority 
priority 
priority 
status 
enabled 
enabled 
bit-2 
bit-1 
bit-O 


0 
1 
1 
LCR 
divisor 
set 
set 
even 
parity 
stop 
word 
word 
latch 
break 
parity 
parity 
enable 
bits 
length 
length 
enable 
bit-1 
bit-O 


1 
0 
0 
MCR 
0 
0 
0 
loop 
OP2* 
OP1* 
RTS* 
OTR* 
back 


1 
0 
1 
LSR 
01 
trans. 
trans" 
break 
framing 
parity 
overrun 
receive 
FIFO 
empty 
holding 
interrupt 
error 
error 
error 
data 
error 
empty 
ready 


1 
1 
0 
MSR 
CO 
RI 
OSR 
CTS 
delta 
delta 
delta 
delta 
CO* 
RI* 
OSR* 
CTS* 


1 
1 
1 
SPR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
DLL 
bit-7 
bit·6 
bit·S 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
1 
DLM 
bit-1S 
bit· 14 
bit·13 
bit· 12 
bit·11 
bit·10 
bit-9 
bit-8 


0 
1 
0 
AFR 
0 
0 
0 
0 
0 
MF* 
MF* 
SP 
sel·1 
sel·O 
write 
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REGISTER 
FUNCTIONAL 
DESCRIPTIONS 


TRANSMIT AND RECEIVE HOLDING REGISTER 


The serial transmitter section consists of a Transmit 
Hold Register (THR) and 
Transmit Shift Register 
(TSR). The status of the transmit hold register 
is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (07-00) to the Transmit holding register when- 
ever the transmitter 
holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that 
a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 
On the falling edge ofthe start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiverstatus codes will 
be posted in the Line Status Register. 


When the receive FIFO (FCR BIT-0=1) and receive 
interrupts (IER BIT-0=1) are enabled, receiver inter- 
rupt will occur as follows: 


A) The receive data available interrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will be cleared as soon asthe 
FIFO drops below its programmed trigger level. 


B) 
The ISR receive data available indication also 
occurs when the FIFO trigger level is reached, and like 
the interrupt it is cleared when the FIFO drops below 
the trigger level. 


C) The data ready bit (LSR BIT-O)is set as soon as a 
character is transferred from the shift register to the 
receiver FIFO. It is reset when the FIFO is empty. 


When FCR BIT-0=1; resetting IER BIT3-0tozero 
puts 
the ST16C2552 in the FIFO polled mode of operation. 
Since the receiver and transmitter 
are controlled 
separately either one or both can be inthe polled mode 
operation by utilizing the Line Status Register. 


~ t;;~~~T~~ 
~Ii~~~ set as long as there is one byte II 


B) 
LSR BIT4-1 will specify which error(s) haS oc- 
curred. 


C) LSR BIT-5 will indicate when the transmit FIFO is 
empty. 


0) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 


E) LSR BIT-7 will indicate when there are any errors 
in the receive FIFO. 


Each UART section of the ST16C2552 contains a 
programmable Baud Rate Generator that is capable 
of taking any clock input from OC-8 MHz and dividing 
it by any divisor from 1to 2'6-1. The output frequency 
of the Baudout* is equal to 16X of transmission baud 
rate (Baudout*=16 x Baud Rate). 
Customize Baud 
Rates can be achieved by selecting proper divisor 
values for MSB and LSB of baud rate generator. 


The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 


IER BIT-O: 
O=disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 
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IER BIT-1: 
O=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 


IER BIT-2: 
O=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 


IER BIT-3: 
O=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 


IER BIT 4-7: 
All these bits are set to logic zero. 


The ST16C2552 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Interrupt Status Regis- 
ter (ISR) provides the source of the interrupt in priori- 
tized matter. During the read cycle the ST16C2552 
provides the highest interrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized interrupt levels: 


P 
03 
02 
01 
DO 
Source of the interrupt 


1 
0 
1 
1 
0 
LSR (Receiver Line Sta- 
tus Register) 
2 
0 
1 
0 
0 
RXRDY (Received Data 
Ready) 
2- 
1 
1 
0 
0 
RXRDY (Receive 
Data 
time out) 
3 
0 
0 
1 
0 
TXRDY( 
Transmitter 
Holding Register Empty) 
4 
0 
0 
0 
0 
MSR 
(Modem 
Status 
Register) 


-RECEIVE TIME-OUT: 
This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 


Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40/ 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 


Example -B: If user programs the word length = 7, with 
parity and one stop bit, the time out will be: 
T = 4 X 7(programmed word length) + 12 = 40 bits 
Character time = 40/ 10 [ (programmed word length 
= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 
characters. 


ISR BIT-O: 
O=aninterrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 
1=no interrupt pending. 


ISR BIT 1-3: 
Logical combination of these bits, provides the high- 
est priority interrupt pending. 


ISR BIT 4-7: 
These bits are not used and are setto zero ifthe FIFOs 
are notenabled. BIT 6-7: are setto "1"when the FIFOs 
are enabled. 


This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 


FCR BIT-O: 
O=Disable the transmit and receive FIFO. 
1=Enable the transmit and receive FIFO. 
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FCR BIT-1: 
O=No change. 
1=Clears the contents of the receive FIFO and resets 
its counter logic to 0 (the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 


FCR BIT-2: 
O=No change. 
1=Clears the contents of the transmit FIFO and resets 
its counter logic to 0 (the transmit shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 


FCR BIT-3: 
O=Nochange. 
1=Changes RXRDYand TXRDY pins from mode "0" 
to mode "1". 


Transmit 
operation 
in mode "0": 
When ST16C2552 is in ST16C450 mode ( FCR bit- 
0=0) orin the FIFO mode (FCR bit-0=1, FCR bit-3=0 
) when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 


Receive operation 
in mode "0": 
When ST16C2552 is in ST16C450 mode ( FCR bit- 
0=0) or in the FIFO mode (FCR bit-0=1, FCR bit-3=0 
) and there is at least 1 character in the receive FIFO, 
the RXRDY* pin will go low. Once active the RXRDY* 
pin will go high (inactive) when there are no more 
characters in the receiver. 


Transmit 
operation 
in mode "1": 
When ST16C2552 is in ST16C550 mode ( FCR bit- 
0=1, FCR bit-3=1 ) the TXRDY* pin will become high 
(inactive) when the transmit FIFO is completely full. It 
will be low if one or more FIFO locations are empty. 


Receive operation 
in mode "1 ": 
When ST16C2552 is in ST16C550 mode ( FCR bit- 
0=1, FCR bit-3=1 ) and the trigger level orthetimeout 
has been reached, the RXRDY* pin will go low. Once 
it is activated it will go high (inactive) when there are 


FCR BIT 4-5: 
Not used. 


FCR BIT 6-7: 
These bits are used to set the trigger level for the 
receiver FIFO interrupt. 


BIT-7 
BIT-6 
FIFO trigger 
level 


0 
0 
01 
0 
1 
04 
1 
0 
08 
1 
1 
14 


This is a read/write register used to select specific 
modes of MF* operation and to allow both UART 
registers sets to be written concurrently. 


AFR BIT-O: 
When this bit is set, CPU can write concurrently to the 
same registerin both UARTs. This function is intended 
to reduce the dual UART initialization time. It can be 
used by CPU when both channels are initialized to the 
same state. CPU can set or clear this bit by accessing 
either register set. When this bit is set the channel 
select pin still selects the channel to be accessed 
during read operation. Setting or clearing this bit has 
no effect on read operations. 
The user should ensure that LCR Bit-7 of both chan- 
nels are in the same state before executing a concur- 
rent write to the registers at address 0,1, or 2. 


AFR BIT 1-2: 
Combinations of these bits selects one of the MF* 
functions. 


BIT-2 
BIT-1 
MF* Function 


0 
0 
OP2* 


'0 
1 
BAUDOUT* 
1 
0 
RXRDY* 
1 
1 
Reserved 


AFR BIT 3-7: 
Not used. All these bits are set to logic zero. 


The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 


LCR BIT1-0: 
These two bits specify the word length to be transmit- 
ted or received. 


.... 
..... 


BIT-1 
BIT-o 
Word length 


0 
0 
5 
0 
1 
6 
1 
0 
7 
1 
1 
8 


LCR BIT-2: 
The number of stop bits can be specified by this bit. 


BIT-2 
Word length 
> 
Stopbit(s) 


0 
5,6,7,8 
1 
1 
5 
1-1/2 
1 
6,7,8 
2 


LCR BIT-3: 
Parity or no parity can be selected via this bit. 
O=no parity 


1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 


LCR BIT-4: 
If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 
O=ODDparity is generated by forcing an odd number 
of 1's in the transmitted data, receiver also checks for 
same format. 
1= EVEN parity bit is generated by forcing an even 
number of 1's in the transmitted data, receiver also 
checks for same format. 


LCR BIT-S: 
If the parity bit is enabled, LCR 
BIT-5 selects the 
forced parity format. 
LCR BIT-5=1 and LCR BIT-4=O, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1, parity bit is forced to 
"0" in the transmitted and received data. 


LCR BIT-6: 
Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
O=normal operating condition . 
1=forces the transmitter output (TX) to go low to alert 
the communication terminal. 


LCR BIT-7: 
The internal baud rate counter latch enable (DLAB) .. 
O=normal operation. 
1=select Divisor Latch Register and Alternate Func- 
tion Register. 


This register controls the interface with the MODEM 
or a peripheral device (RS232). 


MCR BIT-O: 
O=force DTR* output to high. 
1=force DTR* output to low. 


MCR BIT-1: 
O=force RTS* output to high. 
1=force RTS* output to low. 


ST16C2552 


MCR BIT-2: 
Not used except in local loop-back mode. 


MCR BIT-3: 
O=force OP2* output to high. 
1=force OP2* output to low. 


MCR BIT-4: 
O=normal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX), CTS*, DSR*, CD*, and RI* are 
disabled. 
Internally the transmitter 
output is con- 
nected to the receiver input and DTR*, RTS*, OP1* 
and OP2* are connected to modem control inputs. 
In this mode, the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
nowthe lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER. 


MCR BIT 5-7: 
Not used. Are set to zero permanently. 


This register provides the status of data transfer to 
CPU. 


LSR BIT-O: 
O=nodata in receive holding register or FIFO. 
1=data has been received and saved in the receive 
holding register or FIFO. 


LSR BIT-1: 
O=nooverrun error (normal). 
1=overrun error, next character arrived before receive 
holding register was emptied or if FIFOs are enabled, 
an overrun error will occur only after the FIFO is full 
and the next character has been completely received 
in the shift register. Note that character in the shift 
register is overwritten, but it is not transferred to the 
FIFO. 


LSR BIT-2: 
O=no parity error (normal). 
1=parity error, received data does not have correct 
parity information. 
In the FIFO mode this error is 
associated with the character at the top of the FIFO. 


LSR BIT-3: 
O=noframing error (normal). 
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associated with the character at the top of the FIFO. 


LSR BIT-4: 
O=no break condition (normal). 
1=receiver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character is loaded into the FIFO. 


LSR BIT-5: 
O=transmit holding register is full. ST16C2552 will not 
accept any data for transmission. 
1=transmit holding register (or FIFO) is empty. CPU 
can load the next character. 


LSR BIT-6: 
O=transmitter holding and shift registers are full. 
1=transmitter holding and shift registers are empty. In 
FIFO mode this bit is set to one whenever the trans- 
mitter FIFO and transmit shift register are empty. 


LSR BIT-7: 
O=Normal. 
1=At least one parity error, framing error or break 
indication in the FIFO. This bit is cleared when LSR is 
read. 


This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 
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MSR BIT-O: 
Indicates that the CTS* input to the ST16C2552 has 
changed state since the last time it was read. 


MSR BIT-1: 
Indicates that the DSR* input to the ST16C2552 has 
changed state since the last time it was read. 
MSR BIT-2: 
Indicates that the RI* input to the ST16C2552 has 
changed from a low to a high state. 


MSR BIT-3: 
Indicates that the CD* input to the ST16C2552 has 
changed state since the last time it was read. 


MSR BIT-4: 
This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 


MSR BIT-S: 
This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 


MSR BIT-6: 
This bit is equivalent to OP1 in the MCR during local 
loop-back mode. It is the compliment of the RI* input. 


MSR BIT-7: 
This bit is equivalent to OP2 in the MCR during local 
loop-back mode. It isthe compliment to the CD* input. 


Note: Whenever MSR BIT3-0: is set to logic "1n, a 
MODEM Status Interrupt is generated. 


ST16C2552 provides a temporary data register to 
store 8 bits of information for variable use. 


BAUD 
RATE 
GENERATOR 
PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 


BAUD RATE 
16 x CLOCK 
OfoERROR 
DIViSOR 


50 
2304 
75 
1536 
150 
768 
300 
384 
600 
192 
1200 
96 
2400 
48 
4800 
24 
7200 
16 
9600 
12 
19.2K 
6 
38.4K 
3 
56K 
2 
2.77 
115.2K 
1 


REGISTERS 
RESET STATE 


IER 
IER BITS 0-7=0 
ISR 
ISR BIT-0=1, ISR BITS 1-7=0 
LCR 
LCR BITS 0-7=0 
MCR 
MCR BITS 0-7=0 
LSR 
LSR BITS 0-4=0, 
LSR BITS 5-6=1 LSR, BIT 7=0 
MSR 
MSR BITS 0-3=0, 
MSR BITS 4-7=input signals 
FCR 
FCR BITS 0-7=0 
MFR 
AFR BITS 0-7=0 


SIGNALS 
RESET STATE 


TX 
High 
OP2* 
High 
RTS* 
High 
DTR* 
High 
INT 
Low 
TxRdy 
Low 
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Supply 
Voltage 
Voltage 
at any pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


7 Volts 
GND-0.3 
V to 
VCC+0.3 
V 
O· C to +70· C 
-40· 
C to +150· 
C 
500 mW 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


VILCK 
Clock 
input low level 
-0.5 
0.6 
V 
VIHCK 
Clock 
input high level 
3.0 
VCC 
V 


VIL 
Input low level 
-0.5 
0.8 
V 
VIH 
Input high level 
2.2 
VCC 
V 


VOL 
Output 
low level on all outputs 
0.4 
V 
IOL=6 mA 
VOH 
Output 
high level 
2.4 
V 
IOH=-6 mA 
Icc 
Avg. 
power supply 
current 
6 
mA 


IlL 
Input leakage 
±10 
IJA 


ICL 
Clock 
leakage 
±10 
IJA 


.•.••.•.•••, 
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Symbol 
Parameter 
Limits 
Units 
ConditIons 
Min 
Typ 
Max 


T, 
Clock 
high pulse duration 
50 
ns 
T2 
Clock 
low pulse duration 
50 
ns 
External 
clock 
T3 
Clock 
rise/fall 
time 
10 
ns 
T8 
Chip select 
setup time 
5 
ns 
T9 
Chip select 
hold time 
0 
ns 


T'2 
Data set up time 
15 
ns 


T'3 
Data hold time 
15 
ns 
T'4 
lOW· 
delay from chip select 
10 
ns 


T'5 
lOW· 
strobe width 
50 
ns 


T'6 
Chip select 
hold time from 
lOW· 
0 
ns 
T17 
Write 
cycle delay 
55 
ns 
Tw 
Write 
cycle=T 15+T 17 
105 
ns 


T'9 
Data hold time 
15 
ns 
T2, 
lOR· 
delay from 
chip select 
10 
ns 
T23 
lOR· 
strobe width 
65 
ns 
T24 
Chip select 
hold time from 
lOR· 
0 
ns 
T25 
Read cycle delay 
55 
ns 
Tr 
Read cycle=T23+T25 
115 
ns 
T26 
Delay from 
lOR· 
to data 
35 
ns 
100 pF load 
T28 
Delay from 
lOW· 
to output 
50 
ns 
100 pF load 
T29 
Delay to set interrupt 
from 
MODEM 
70 
ns 
100 pF load 
input 
T30 
Delay to reset interrupt 
from 
lOR· 
70 
ns 
100 pF load 
T3, 
Delay from stop to set interrupt 
1Rek 
ns 
100 pF load 
T32 
Delay from 
lOR· 
to reset interrupt 
200 
ns 
100 pF load 
T33 
Delay from 
initial 
INT reset to transmit 
8 
24 
. 


start 
T34 
Delay from stop to interrupt 
100 
ns 
T35 
Delay from 
lOW· 
to reset interrupt 
175 
ns 
T36 
Delay from 
initial Write 
to interrupt 
16 
24 
. 


T44 
Delay from stop to set RxRdy 
1ReLK 


T45 
Delay from 
lOR· 
to reset RxRdy 
1 
l-ls 
T46 
Delay from 
lOW· 
to set TxRdy 
195 
ns 
T47 
Delay from start to reset TxRdy 
8 
. 


N 
Baud rate devisor 
1 
2'6_1 
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; 
--..J~ T9 


T14 ~ 
T15 
T17 


-! 
•• 
-------------~ 


; 


-; 
~ 
T9 


T21 i-- 
T23 
T25 


-! 
•• 
-------------- 
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RTS* 
DTR* 


CD 
CTS 
DSR 


\,--------1 


H T28 


- 
•• -••••••••••••• 
-•••••••••••••• 
- ••••••••••••• 
- ••• 
H 
•• X 
······_············· 


_________I 
L 
v 


EXTERNAL 
CLOCK 
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START BIT--14 
STOP BIT-- 


1 


1 


1 


1 


1 


~I 
1 


1 


1~: 


1 


1 


1 


1 


1 
1 
1 
1 
I 


1 


1 


1 


1 


1 


1 


1 


1 
----' 


PARITY BIT: 
NEXT 
DATA 
START BIT 
J~T34 


y 
\ 


T35 -i i+- 


I·.··.·.··.··.·.. · 


START 
BIT--14 


1 


1 
1 


1 


1 
--" 


PARITY BIT 
i 


1 


1 


1 


1 


1 
: 
----.l 


1 


1 


1 


1 


1 


1 


1 


1 
1 
1 
1 
1 
1 
1 


1 
1.. 


STOP 
BIT-- 


NEXT 
DATA 
START 
BIT 


I 
\ 
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RX INPUT 
(First byte) 


START BIT 


__ 
DA TA BITS (5-8) 
STOP BIT 


,.I••--------------- 
..••~I 
__ 


\__1 
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START BIT 
-- 
DA TA BITS (5-8) 
STOP BIT 
-1.---------------- 
••1 
~ 


: Fi rst byte that reaches 


! the trigger level 
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START BIT--14 
STOP BIT-- 


_ 
'- 
T47 
T46 


_____ 
i4 
! \~- 


,..•.••.•..•.•...•...•.....•....... 


ow U 


T46 
' 
---.i 
- 
T47 


i4 
-V--------\' 


______________________ 
~I 
FIFO FULL 
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r DESCRIPTION 


i 
... 


The ST16C554 is a universal asynchronous receiver 
and transmitter with 16 byte transmit and receive 
FIFO. 
A programmable 
baud rate generator is 
provided to select transmit and receive clock rates 
from 50Hz to 448kHz. 
The ST16C554 
is an improved 
version 
of the 
NS16C550 UART with higher operating speed and 
lower access time. The ST16C554 on board status 
registers 
provides the error 
conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C554 
provides internal loop-back capability for on board 
diagnostic testing. 
The ST16C554 is fabricated in an advanced 1.2f! 
CMOS process to achieve low drain power and high 
speed requirements. 


r FEATURES 
i 


• Pin to pin and functional compatible to ST16C454 
• 16 byte transmit FIFO 
• 16 byte receive FIFO with error flags 
• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
RI*, CD*) 
• Programmable character lengths (5,6,7,8) 
• Even, odd, or no parity bitgeneration anddetection 
• Status report register 
• Independent transmit and receive control 
• TTL compatible inputs, outputs 
• Software compatible with INS8250, NS16C550 
.448 
kHz transmiUreceive 
operation with 7.372 
MHz crystal or external clock source 


r ORDERING 
INFORMATION 
i 


Part number 
ST16C554CJ68 
ST16C5541J68 
ST16C554DCJ68 
ST16C554DIJ68 


Package 
PLCC 
PLCC 
PLCC 
PLCC 


Operating 
temperature 
D· C to + 70· C 
-40· C to + 85· C 
D· C to + 70· C 
_40· C to + 85· C 


1···· ••·1·.·••··•·· 
.••··•···.··.· 


XTAL1 


XTAL2 


~z 
O~~ 
.o~ 
;o~~:: 
mOon> 
0 
ZZ 
~~(/)(/)~ 
? 
dol 
-; 
~~f\) 
0 
--l 
1 


, 


, 
- 
INTERRUPT 
CONTROL 
DATA 
LOGIC 
LOGIC 
BUS 


I 
I 
I 
I 


r~ 
III"'" 
Qo 
00 
SAUD RATE 
Glm 
;t!r 
(''is: 
00 
GENERATOR 
co 
~o 


=l7' 
(QUAD) 
°0 
~~ 
~ 
r·_··_··_··_··_··..i 
~Or 
...• 


! 
i, . 
, 
I 


i 
of 


RECEIVE 
FIFO 
TRANSMIT 
FIFO 
CONTROL 
CONTOL 
LOGIC (QUAD) 
LOGIC (QUAD) 


RTSA*, DTRA* 
RTSS', 
DTRS' 


RTSC', 
DTRC 


RTSD', 
DTRD' 


CTSA', 
DSRA' 
CTSS',OSRS' 
COA',RIA* 
COS-,RIS' 
CTSC', 
RTSC' 
COC,RIC' 
CTSO', 
RTSO' 
COD', 
RID' 


C/)C/) 
-1-1 
~~ 
0') 0') 
00 
c.nc.n 
c.n c.n, 
~~o 


ST16C554 
ST16C554D 


RXA-B 
RXC-D 
7,29 
41,63 


TXA-B 
TX C-D 
17,19 
51,53 


CS A-B* 
CS C-D* 


16,20 
50,54 


GND 
GND 
6,23 
40,57 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


Serial data input. The serial information (data) received 
from serial port to ST16C554 receive input circuit. A mark 
(high) is logic one and a space (low) islogiczero. During the 
localloopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


Serial data output. The serial data istransmitted via this pin 
with additional start, stop and parity bits. The TX will be held 
in mark (high) state during reset, local loopback mode or 
when the transmitter is disabled. 


Chip select. 
(active low) A low at this pin enables the 


ST16C554 I CPU data transfer operation. Each UART 
sections of the ST16C554 can be accessed independently. 


Crystal input 1 or external clock input. A crystal 
can be 


connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generatorforcustom transmis- 
sion rates. 


Write strobe. (active low) A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


Read strobe. (active low) A low level on this pin transfers 
the contents of the ST16C554 data bus to the CPU. 


~ 
~ 
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~ 
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It)o 
CD 
~ 
SYMBOL DESCRIPTION 
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Symbor 
Pin 
Signal Type 
Pin Description 


TXRDY 
39 
0 
Transmit ready. (active high) This pin goes high when the 
transmit FIFO of the ST16C554 is full. It can be used as a 
single or multi-transfer. 


A2 
32 
I 
Address select line 2. To select internal registers. 


A1 
33 
I 
Address select line 1. To select internal registers. 


AO 
34 
I 
Address select line O. To select internal registers. 


RXRDY* 
38 
0 
Receive ready. (active high) This pin goes high when the 
receive FIFO is full. It can be used as a single or multi- 
transfer. 


INTSEL 
65** 
I 
Interrupttype 
select. Enable {disable the interruptthree 
state function. 
Normal interrupt 
output can be selected 
by connecting 
this pin to VCC (MCR bit-3 does not have 
any effect on the interrupt 
output 
). The three state 
interrupt output is selected when this pin is left open or 
connected 
to GND and MCR bit-3 is set to "1". 


INT A-B 
15,21 
INT CoD 
49,55 
0 
Interrupt output. (active high) This pin goes high (when 
enabled by the interrupt enable register) whenever a re- 
ceiver error, receiver data available, transmitter empty, or 
modem status condition flag is detected. 


RTS A-B* 
14,22 
RTS C-D* 
48,56 
0 
Request to send. (active low) To indicate that the transmit- 
ter has data ready to send. Writing a "1" in the modem 
control register (MCR bit-1 ) will set this pin to a low state. 
Afterthe reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion. 


DTR A-B* 
12,24 
DTR C-D* 
46,58 
0 
Data terminal 
ready. 
(active 
low) 
To 
indicate 
that 
ST16C554 is ready to receive data. 
This pin can be 
controlled via the modem control register (MCR bit-O). 
Writing a "1" atthe MCR bit-Owill setthe DTR*outputto low. 
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Symbol 
Pin 
Signal Type 
Pin Description 


.., 


This pin will be set to high state after writing a "0" to that 
register or after the reset. Note that this pin does not have 
any effect on the transmit or receive operation. 


RESET 
37 
I 
Master reset. (active high) A high onthis pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CTS A-B* 
11,25 
CTS C-D* 
45,59 
I 
Clear to send. (active low) The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR BIT-4. CTS* has no effect on the transmit 
or receive operation. 


DSRA-B* 
10,26 
DSR C-D* 
44,60 
I 
Data set ready. (active low) A low on this pin indicates the 
MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


CD A-B* 
9,27 
CD C-D* 
43,61 
I 
Carrier detect. (active low) A low on this pin indicates the 
carrier has been detected by the modem. 


RI A-B* 
8,28 
RI C-D* 
42,62 
I 
Ring detect indicator. (active low)A low on this pin indicates 
the modem has received a ringing signal from telephone 
line. 


VCC 
13,30 
VCC 
47,64 
I 
Power supply input. 


I··.···.···I~.··.····· 
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A2A1 AO 
Register 
BIT-7 
BIT-6 
BIT-S 
BIT-4 
BIT-3 
BIT-2 
BIT-1 
BIT-O 


0 
0 
0 
RHR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
THR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
1 
IER 
0 
0 
0 
0 
modem 
receive 
transmit 
receive 
status 
line 
holding 
holding 
interrupt 
status 
register 
register 
interrupt 


0 
1 
0 
FCR 
RCVR 
RCVR 
0 
0 
DMA 
XMIT 
RCVR 
FIFO 
trigger 
trigger 
mode 
FIFO 
FIFO 
enable 
(MSB) 
(LSB) 
select 
reset 
reset 


0 
1 
0 
ISR 
01 
01 
0 
0 
int 
int 
int 
int 
FIFOs 
FIFOs 
priority 
priority 
priority 
status 
enabled 
enabled 
bit-2 
bit-1 
bit-O 


0 
1 
1 
LCR 
divisor 
set 
set 
even 
parity 
stop 
word 
word 
latch 
break 
parity 
parity 
enable 
bits 
length 
length 
enable 
bit-1 
bit-O 


1 
0 
0 
MCR 
0 
0 
0 
loop 
INT 
Not 
RTS* 
DTR* 
back 
enable 
used 


1 
0 
1 
LSR 
01 
trans. 
trans. 
break 
framing 
parity 
overrun 
receive 
FIFO 
empty 
holding 
interrupt 
error 
error 
error 
data 
error 
empty 
ready 


1 
1 
0 
MSR 
CD 
RI 
DSR 
CTS 
delta 
delta 
delta 
delta 
CD* 
RI* 
DSR* 
CTS* 


1 
1 
1 
SPR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
DLL 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit·2 
bit-1 
bit-O 


0 
0 
1 
DLM 
bit-15 
bit· 14 
bit-13 
bit-12 
bit-11 
bit-10 
bit-9 
bit-8 
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A2 
A1 
AD 
READ 
MODE 
WRITE MODE 


0 
0 
0 
Receive Holding Register 
Transmit Holding Register 
0 
0 
1 
Interrupt Enable Register 
0 
1 
0 
Interrupt Status Register 
FIFO Control Register 
0 
1 
1 
Line Control Register 
1 
0 
0 
Modem Control Register 


1 
0 
1 
Line Status Register 
1 
1 
0 
Modem Status Register 
1 
1 
1 
Scratchpad Register 
Scratch pad Register 
0 
0 
0 
LSB of Divisor Latch 
0 
0 
1 
MSB of Divisor Latch 


The serial transmitter section consists of a Transmit 
Hold Register (THR) and 
Transmit Shift Register 
(TSR). The status of the transmit hold register 
is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (07-00) to the Transmit holding register when- 
ever the transmitter 
holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that 
a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 
On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike onthe RX input. Receiverstatus codes will 
be posted in the Line Status Register. 


When the receive FIFO (FCR BIT-0=1) and receive 
interrupts (IER BIT-0=1) are enabled, receiver inter- 
rupt will occur as follows: 


A) The receive data available interrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; itwill be cleared assoon asthe 
FIFO drops below its programmed trigger level. 


B) 
The ISR receive data available indication also 
occurs when the FIFO trigger level is reached, and like 
the interrupt it is cleared when the FIFO drops below 
the trigger level. 


C) The data ready bit (LSR BIT-O)is set as soon as a 
character is transferred from the shift register to the 
receiver FIFO. It is reset when the FIFO is empty. 


When FCR BIT-0=1; resetting IER BIT3-0tozero 
puts 
the ST16C554 in the FIFO polled mode of operation. 
Since the receiver and transmitter 
are controlled 
separately either one or both can be inthe polled mode 
operation by utilizing the Line Status Register. 


A) LSR BIT-Owill be set as long as there is one byte 
in the receive FIFO. 


B) 
LSR BIT4-1 will specify which error(s) has oc- 


curred. 


C) LSR BIT-5 will indicate when the transmit FIFO is 
empty. 


D) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 


E) LSR BIT-7 will indicate when there are any errors 
in the receive FIFO. 


The ST16C554 requires to have two step FIFO enable 
operation in order to enable receive trigger levels. 


The ST16C554 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-8 MHz and dividing it by any divisor from 1 
to 2'6 -1. The output 
frequency of the Baudout* is 
equal to 16X of transmission baud rate (Baudout*=16 
x Baud Rate). 
Customize 
Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 


The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 


IER BIT-O: 
O=disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 


IER BIT-1: 
·O=disablethe transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 


IER BIT-2: 
O:;::disablethe receiver line status interrupt. 
1=enable the receiver line status interrupt. 


IER BIT-3: 
O=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 


IER BIT 7-4: 
All these bits are set to logic zero. 


The ST16C554 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data charactertransfers. 
The Interrupt Status Regis- 
ter (ISR) provides the source of the interrupt in priori- 
tized matter. During the read cycle the ST16C554 
provides the highest interrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized interrupt levels: 


P 
03 
02 
01 
DO 
Source of the Interrupt 


1 
0 
1 
1 
0 
LSR (Receiver Line Sta- 
tus Register) 
2 
0 
1 
0 
0 
RXRDY (Received Data 
Ready) 
2* 
1 
1 
0 
0 
RXRDY (Receive 
Data 
time out) 
3 
0 
0 
1 
0 
TXRDY( 
Transmitter 
Holding Register Empty) 
4 
0 
0 
0 
0 
MSR 
(Modem 
Status 
Register) 


"RECEIVE TIME-OUT: 
This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received oreach time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 
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Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40/ 
9 [(programmed word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 


Example -B: If user programs the word length = 7, with 
parity and one stop bit, the time out will be: 
T = 4 X 7(programmed word length) + 12 = 40 bits 
Character time = 40 / 10 [ (programmed word length 
= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 
characters. 


ISR BIT-O: 
O=aninterrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 
1=no interrupt pending. 


ISR BIT 1-3: 
Logical combination of these bits, provides the high- 
est priority interrupt pending. 


ISR BIT 4-7: 
These bits are not used and are set to zero in 
ST16C450 mode. BIT 6-7: are set to "1" in ST16C554 
mode. 


This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 


FCR BIT-O: 
O=Disable the transmit and receive FIFO. 
1=Enable the transmit and receive FIFO. 
This bit should be enabled before setting the FIFO 
trigger levels. 


FCR BIT-1: 
O=No change. 
1=Clears the contents of the receive FIFO and resets 
its counter logic to O.(the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 


FCR BIT-2: 
O=No change. 
1=Clears the contents of the transmit FIFO and resets 
its counter logic to 0 (the transmit shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 


FCR BIT-3: 
O=No change. 
1=Changes RXRDY and TXRDY pins from mode "0' 
to mode "1". 


Transmit 
operation 
in mode "0": 
When ST16C554 is in ST16C450 mode (FCR bit-O=O 
) or in the FIFO mode ( FCR bit-0=1, FCR bit-3=0 ) 
when there are no characters in the transmit.FIFO or 
transmit holding register, the TXRDY· pin will go low. 
Once active the TXRDY· pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 


Receive operation 
in mode "0": 
When ST16C554 is in ST16C450 mode (FCR bit-O=O 
) or inthe FIFO mode (FCR bit-0=1, FCR bit-3=0) and 
there is at least 1 character in the receive FIFO, the 
RXRDY· pin will go low. Once active the RXRDY· pin 
will go high (inactive) when there are no more charac- 
ters in the receiver. 


Transmit 
operation 
in mode "1 ": 
When ST16C554 is in ST16C550 mode ( FCR bit- 
0=1, FCR bit-3=1 ) the TXRDY· pin will become high 
(inactive) when the transmit FIFO is completely full. It 
will be low if one or more FIFO locations are empty. 


Receive operation 
in mode "1 ": 
When ST16C554 is in ST16C550 mode ( FCR bit- 
0=1, FCR bit-3=1 ) and the trigger level or the timeout 
has been reached, the RXRDY· pin will go low. Once 
it is activated it will go high (inactive) when there are 
no more characters in the FIFO. 


FCR BIT 4-5: 
Not used. 


FCR BIT 6-7: 
These bits are used to set the trigger level for the 
receiver FIFO interrupt. 
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BIT-7 
BIT-6 
FIFO trigger 
level 


0 
0 
01 
0 
1 
04 
1 
0 
08 
1 
1 
14 


The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 


LCR BIT1-0: 
These two bits specify the word length to betransmit- 
ted or received. 


BlT·1 
BIT-o 
Word length 


0 
0 
5 
0 
1 
6 
1 
0 
7 
1 
1 
8 


LCR BIT-2: 
The number of stop bits can be specified by this bit. 


BIT·2 
Word length 
Stop bit(s) 


0 
5,6,7, 
1 
1 
5 
1-1/2 
1 
6,7,8 
2 


LCR BIT-3: 
Parity or no parity can be selected via this bit. 
O=no parity 
1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 


LCR BIT-4: 
If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 
O=ODDparity is generated by forcing an odd number 
of 1's in the transmitted data, receiver also checks for 
same format. 
1= EVEN parity bit isgenerated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 


LCR BIT-S: 
If the parity bit is enabled, LCR 
BIT-5 selects the 
forced parity format. 
LCR BIT-5=1 and LCR BIT-4=O, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1, parity bit is forced to 
"0" in the transmitted and received data. 


LCR BIT-6: 
Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
O=normal operating condition. 
1=forces the transmitter output (TX) to go low to alert 
the communication terminal. 


LCR BIT-7: 
The internal baud rate counter latch enable (DLAB). 
O=normal operation. 
1=select divisor latch register. 


This register controls the interface with the MODEM 
or a peripheral device (RS232). 


MCR BIT-O: 
O=force DTR* output to high. 
1=force DTR* output to low. 


MCR BIT-1: 
O=force RTS* output to high. 
1=force RTS* output to low. 


MCR BIT-2: 
Not used, except in internal loop-back mode. 


MCR BIT-3: 
O=setthe INT A-D output pin to three state mode.. 
1=Enable the INT A-D output pin. 
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MeR BIT-4: 
O=normal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX), CTS*, DSR*, CD*, and RI* are 
disabled. 
Internally the transmitter 
output is con- 
nected to the receiver input and DTR*, RTS*, MCR 
bit-2 and INT enable are connected to modem control 
inputs. 
In this mode, the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts. 
are also operational, but the interrupts sources are 
nowthe lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER. 


MCR BIT 5-7: 
Not used. Are set to zero permanently. 


This register provides the status of data transfer to 
CPU. 


LSR BIT-O: 
O=nodata in receive holding register or FIFO. 
1=data has been received and saved in the receive 
holding register or FIFO. 


LSR BIT-1: 
O=no overrun error (normal). 
1=overrun error, next character arrived before receive 
holding register was emptied or if FIFOs are enabled, 
an overrun error will occur only after the FIFO is full 
and the next character has been completely received 
in the shift register. Note that character in the shift 
register is overwritten, but it is not transferred to the 
FIFO. 


LSR BIT-2: 
O=no parity error (normal). 
1=parity error, received data does not have correct 
parity information. 
In the FIFO mode this error is 
associated with the character at the top of the FIFO. 


LSR BIT-3: 
O=noframing error (normal). 
1=framing error received, received data did not have 


a valid stop bit. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 


LSR BIT-4: 
O=no break condition (normal). 
1=receiver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character is loaded into the FIFO. 


LSR BIT-5: 
O=transmit holding register is full. ST16C554 will not 
accept any data for transmission. 
1=transmit holding register (or FIFO) is empty. CPU 
can load the next character. 


LSR BIT-6: 
O=transmitter holding and shift registers are full. 
1=transmitter holding and shift registers are empty. In 
FIFO mode this bit is set to one whenever the trans- 
mitter FIFO and transmit shift register are empty. 


LSR BIT-7: 
O=Normal. 
1=At least one parity error, framing error or break 
indication in the FIFO. This bit is cleared when LSR is 
read. 


This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register 


MSR BIT-O: 
Indicates that the CTS* input to the ST16C554 has 
changed state since the last time it was read. 


MSR BIT-1: 
Indicates that the DSR* input to the ST16C554 has 
changed state since the last time it was read. 


MSR BIT-2: 
Indicates that the RI* input to the ST16C554 has 
changed from a low to a high state. 


1.·....·..·;1•••····•·•· 
••·•••·•· 
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MSR BIT-3: 
Indicates that 
the CD* input to the ST16C554 has 


changed state since the last time it was read. 


MSR BIT-4: 
This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 


MSR BIT-5: 
This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 


MSR BIT-6: 
This bit is equivalent to MCR bit-2 during local loop- 
back mode. It is the compliment of the RI* input. 


MSR BIT-7: 
This bit is equivalent to INT enable in the MCR during 
local loop-back mode. It is the compliment to the CD* 
input. 


Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 


ST16C554 provides atemporary data registerto store 
8 bits of information for variable use. 


BAUD 
RATE 
GENERATOR 
PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 


BAUD RATE 
16 x CLOCK 
0/0 ERROR 
DIVISOR 


50 
2304 
110 
1047 
0.026 
150 
768 
300 
384 
600 
192 
1200 
96 
2400 
48 
4800 
24 
7200 
16 
9600 
12 
19.2K 
6 
38.4K 
3 
56K 
2 
2.77 


115.2K 
1 


REGISTERS 
RESET STATE 


IER 
IER BITS 0-7=0 
ISR 
ISR BIT-0=1, ISR BITS 1-7=0 


LCR 
LCR BITS 0-7=0 
MCR 
MCR BITS 0-7=0 
LSR 
LSR BITS 0-4=0, 
LSR BITS 5-6=1 LSR, BIT 7=0 
MSR 
MSR BITS 0-3=0, 
MSR BITS 4-7=input signals 


FCR 
FCR BITS 0-7=0 


SIGNALS 
RESET STATE 


TX 
High 
RTS* 
High 
DTR* 
High 
RXRDY* 
High 
TXRDY 
Low 
INT 
Three state mode 
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Symbol 


'/ 
.... 
.... 
.,.: 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


T, 
Clock 
high pulse duration 
50 
ns 
T2 
Clock 
low pulse duration 
50 
ns 
Extemal 
clock 
T3 
Clock 
rise/fall 
time 
10 
ns 
T8 
Chip select 
setup time 
5 
ns 
T9 
Chip select 
hold time 
0 
ns 


T'2 
Data setup time 
15 
ns 


T'3 
Data hold time 
15 
ns 
T14 
lOW· 
delay from 
chip select 
10 
ns 


T'5 
lOW· 
strobe width 
50 
ns 


T'6 
Chip select 
hold time from 
lOW· 
0 
ns 
T17 
Write 
cycle delay 
55 
ns 
Tw 
Write 
cycle=T,5+T17 
105 
ns 


T'9 
Data hold time 
15 
25 
ns 
T2, 
lOR· 
delay from 
chip select 
10 
ns 
T23 
lOR· 
strobe 
width 
65 
ns 
T24 
Chip select 
hold time from 
lOR· 
0 
ns 
T25 
Read cycle delay 
55 
ns 
Tr 
Read cycle=T 23+T25 
115 
ns 
T26 
Delay from 
lOR· 
to data 
35 
ns 
100 pF load 
T28 
Delay from 
lOW· 
to output 
50 
ns 
100 pF load 
T29 
Delay to set interrupt 
from 
MODEM 
70 
ns 
100 pF load 
input 
T30 
Delay to reset interrupt 
from 
lOR· 
70 
ns 
100 pF load 
T3, 
Delay 
from stop to set interrupt 
1RcI< 
ns 
100 pF load 
T32 
Delay 
from 
lOR· 
to reset interrupt 
200 
ns 
100 pF load 
T33 
Delay from 
initial 
INT reset to transmit 
8 
24 
. 


start 
T34 
Delay from 
stop to interrupt 
100 
ns 
T35 
Delay 
from 
lOW· 
to reset interrupt 
175 
ns 


T•• 
Delay from 
stop to set RxRdy 
1RClK 
T45 
Delay from 
lOR· 
to reset RxRdy 
1 
).l.S 


T46 
Delay from 
lOW· 
to set TxRdy 
195 
ns 
T47 
Delay from start to reset TxRdy 
8 
. 


N 
Baud rate devisor 
1 
2'6_1 


u; 
- 
•• 
""T_ 


It) 
~ 
It) 
It) 
() 
co 
~ 
ABSOLUTE 
MAXIMUM RATINGS 
rn 


Supply 
range 
Voltage 
at any pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


7 Volts 
GND-0.3 
V 
to 
VCC+0.3 
V 
0 
0 C to 
+70 


0 C 
_400 C to +1500 C 
500 mW 


.... 


Symbol 
Parameter 
Limits 
Units 
Conditions 


.... 
Min 
Typ 
·Max 
•• 


V,LCK 
Clock 
input low level 
-0.5 
0.6 
V 
V,HCK 
Clock 
input high level 
3.0 
VCC 
V 


V,L 
Input low level 
-0.5 
0.8 
V 


V'H 
Input high level 
2.2 
VCC 
V 


VOL 
Output 
low level on all outputs 
0.4 
V 
IOL=6 mA 


VOH 
Output 
high level 
2.4 
V 
IOH=-6 mA 
Icc 
Avg 
power supply 
current 
6 
mA 


I'L 
Input leakage 
±10 
f.tA 


ICL 
Clock 
leakage 
±10 
f.tA 
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NEXT 
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DATA BITS(5-8) 
STOP BIT 
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~ 


ST16C554 
ST16C554D 


DATA BITS(5-8) 
STOP BIT 
~I 
__ 


. Fi rst byte that reaches 
. the trigger 
level 


i 
: 
t-IT44 


••••••••••••••••••••••••••••• 


-- 
PARI1YBIT! 
NEXT 
DATA 
START BIT 


START BIT--I. 


1 
1 


1 


1 


1 


., 
1 


1 


1~: 


1 


1 
1 


1 
I 
I 
I 


1 


1 
I 
I 
I 
I 
I 
I 
I 
___ 
J 


STOP BIT-- 


I 
\ 


ST16C554 
ST16C554D 


START BIT- 
14 
STOP BIT- 


-.i 
~ 
T47 
T46 


_____ 
i•• 
~! \_- 


I•••• 
·•••• 
·•••••••·•··••••••••· 


ST16C554 
~ 
ST16C554D 
It) 
~ 
It) 
It)u 
CD.•.. 
I-m 


START BIT 


__ 
DATA BITS(5-8) 
STOP BIT 
-14---------------~~-· 
__ 


lOW U 


00-07 
~ 


T46 
---.i !- T47 


-!.--------------------~ 
----: 


_____ 
------------------~/FIFO 
FULL 
\~ 
_ 


~STARTECH 
ST68C554 


r DESCRIPTION 


i 


The ST68C554 is a quad universal asynchronous 
receiver and transmitter with FIFO and modem con- 
trol signals. Designed to interface with MOTOROLA, 
ROCKWELL, HITACHI bus and other popular micro- 
processors. An internal programmable baud rate gen- 
erator is provided to select transmit and receive clock 
rates from 50Hz to 448kHz. 
The ST68C554 is an improved, quad version of the 
NS16550 UART with faster operating access time. 
The on board status registers will provide the error 
conditions, type and status of the transfer operations 
being performed. Complete MODEM control capabil- 
ity, and a processor interrupt system that may be 
software tailored to the user's requirements to mini- 
mize the computing required to handle the communi- 
cations link. 
The ST68C554 is fabricated in an advanced 1.2~ 
CMOS process to achieve low drain power and high 
speed requirements. 


I FEATURES 
, 


• Motorola, Rockwell, Hitachi bus compatible 
• Quad ST16C550 
.16 
byte transmit FIFO 
• 16 byte receive FIFO with error flags 
• Modem control signals (CTS*,RTS*, DSR*, DTR*, 
RI*, CD*) 


• Programmable character lengths (5, 6, 7, 8) 
• Even, odd, orno parity bit generation and detection 
• Status report register 
• TTL compatible inputs, outputs 
.448 
kHz transmit/receive 
operation with 7.372 


MHz external clock source 


r ORDERING 
INFORMATION 


i 


Part number 
ST68C554CJ68 
ST68C5541J68 


Package 
PLCC 
PLCC 


Operating 
temperature 
0 


0 C to +70 


0 C 
_40 


0 C to +85 
0 C 


~ ~ ~ ~ 0 8 
8 
~ 8 
S a 
8 
~ ~ ~ ~ § 
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LOGIC 
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I 
I 
r~ 
•... 


Qn 
00 
II"""" 


:lJr 
SAUORATE 
Glm 


no 
GENERATOR 
(j~ 
en 
~() 


=I;>; 
(QUAO) 
00 
~~ 


r·_··_··_··_··_··.,j 
; 
~O 
...• 
r 
....• 


! 
, 
i 
; 


! 
I 


! 


i 
; 


of 
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RECEIVE 
FIFO 
TRANSMIT 
FIFO 
CONTROL 
CONTOL 
LOGIC (QUAO) 
LOGIC (QUAO) 


RTSA',OTRA' 
RTSB*,OTRS' 
RTSC*, OTRC* 
RTSO' , OTRO' 


CTSN,OSRA' 
CTSS' , OSRS' 
CON, 
RIA' 
COS',RIS' 
CTSC', 
RTSC* 
COC', 
RIC' 
CTSO', 
RTSO' 
COD', 
RID' 


en-I 
Q) 
CO 
(') 
en 
en 
~ 
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07-00 
5-66 
I/O 
Bi-directional data I/O. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
r 


•••••••••••••••••••••••••••••••• 
be received or transmitted. 
j:~!i 


RXAlB 
7,29 
RXC/O 
41,63 
Serial data input . The serial information received from 
MODEM or RS232 to ST68C554 receive circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
localloopback mode the RX input is disabled from external 
connection and connected to the TX output intemally. 


TXAlB 
17,19 
TXC/O 
51,53 
0 
Serial data output A. The 
serial data 
of channel A is 
transmitted via this pin with additional start, stop and parity 
bits. The TX will be held in mark (high) state during reset, 
local loopback mode or when the transmitter is disabled. 


CS* 
16 
Chip select 
(active low). A low at this pin will enable the 
UART A-O CPU data transfer operation. 


XTAL1 
35 
Crystal input 1 or external clock input. A crystal 
can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generatorforcustom transmis- 
sion rates. 


XTAL2 
36 
Crystal input 2. See XTAL1. 


R1W* 
18 
ReadlWrite 
strobe. A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. A 
high on this pin will transfer the contents of the ST68C554 
data bus to the CPU. 


CD AlB* 
9,27 
CD C/O* 
43,61 
Carrier detect A-O (active low). A low on this pin indicates 
that carrier has been detected by the modem. 


GNO 
6,23,31 
GNO 
40,57 
0 
Signal and power ground. 
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DSRA/B* 
DSR C/D* 
10,26 
44,60 
Data set ready A-D. (active low) A low on this pin indicates 
that MODEM is ready to exchange data with UART. 


RI A/B* 
RI C/D* 
8,28 
42,62 
Ring detect A-D indicator. 
(active low) A low on this pin 
indicates that modem has received a ringing signal from 
telephone line. 


RTS A/B* 
RTS C/D* 
14,22 
48,56 
Request to send A-D. (active low) To indicate that transmit- 
ter 
has data ready to send. Writing a "1" in the modem 
control register (MCR bit-1 ) will set this pin to low state. 
After the reset this pin will be set to high. 


CTS A/B* 
CTS C/D* 


11,25 
45,59 
Clear. to send A-D. (active low) 
The 
CTS" signal s a 
MODEM control function input whose conditions can be 
tested by reading the MSR BIT-4. CTS* has no effect on the 
transmitter output. 


Interrupt output. (active low open collector) This pin goes 
low (when enabled by the interrupt enable register) 
when- 
ever a receiver error, receiver data available, transmitter 
empty or modem status condition flag is detected on UART 
A-D. 


DTRA/B* 
DTR C/D* 


12,24 
46,58 
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VCC 
vcc 
13,30 
47,64 


Yes""} 


. ,. 
/ 
. 
UARTX 
~c 
, 
/', 


1 
x 
x 
x 
0 
0 
0 
UART A 
0 
0 
1 
UART B 
0 
1 
0 
UART C 
0 
1 
1 
UART D 


ST68C554 is ready to receive data. 
This pin can be 
controlled via the modem control register 
(MCR bit-O). 
Writing a "1" atthe MCR bit-Owill setthe DTR*outputto low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset. 


Master reset. (active low) A low on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


Transmit ready (active high). This pin goes high when the 
transmit FIFO of the ST68C554 (anyone) is full. It can be 
used as a single or multi-transfer DMA. 


Receive ready 
(active low). This pin goes low when the 
receive FIFO of the ST68C554 is full. It can be used as a 
single or multi-transfer DMA. 


A2 
A1 
AO 
READ 
MODE 
WRITE MODE 


0 
0 
0 
Receive Holding Register 
Transmit Holding Register 
0 
0 
1 
Interrupt Enable Register 
0 
1 
a 
Interrupt Status Register 
FIFO Control Register 
0 
1 
1 
Line Control Register 
1 
0 
0 
Modem Control Register 
1 
0 
1 
Line Status Register 
1 
1 
a 
Modem Status Register 
1 
1 
1 
Scratch pad Register 
Scratch pad Register 
a 
0 
0 
LSB of Divisor Latch 
0 
a 
1 
MSB of Divisor Latch 


TRANSMIT AND RECEIVE HOLDING REGISTER 


A-D 
The serial transmitter section consists of a Transmit 
Hold Register A-D and Transmit Shift Register A-D. 
The status of the transmit hold register is provided in 
the Line Status Register A-D. Writing to this register 
will transferthe contents ofthe data bus (D7-DO)to the 
transmit holding register A-D whenever the transmit- 
ter holding register A-D or transmitter shift register A- 
D is empty. The transmit holding register empty A-D 
flag will be set to "1" when the transmitter is empty or 
data is transferred to the transmit shift register A-D. 
Notethat awrite operation should be performed when 
the transmit holding register empty flag is set. 
On the falling edge of the start bit,the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX A-D is still low at the mid-bit sample of the 
start bit. Verifying the start bit prevents the receiver 
from assembling a false data character due to a low 
going noise spike onthe RXA-D input. Receiverstatus 
codes will be posted in the Line Status Register A-D. 


FIFO INTERRUPT MODE OPERATION 
When the receive FIFO (FCR BIT-0=1) and receive 
interrupts (IER BIT-0=1) are enabled, receiver inter- 
rupt will occur as follows: 


A) The receive data available interrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will be cleared as soon asthe 
FIFO drops below its programmed trigger level. 
B)The ISR receive data available indication also 
occurs when the FIFO trigger level is reached, and like 
the interrupt it is cleared when the FIFO drops below 
the trigger level. 
C)The data ready bit (LSR BIT-a) is set as soon as a 
character is transferred from the shift register to the 
receiver FIFO. It is reset when the FIFO is empty. 


FIFO POLLED MODE OPERATION 
When FCR BIT-0=1; resetting IER BIT 3-0 to zero puts 
the ST68C554 in the FIFO polled mode of operation. 
Since the receiver and transmitter 
are controlled 
separately either one or both can be inthe polled mode 
operation by utilizing the Line Status Register. 


A) LSR BIT-Owill be set as long as there is one byte 
in the receive FIFO. 


B) LSR BIT4-1 will specify which error(s) has oc- 
curred. 


C) LSR BIT-5 will indicate when the transmit FIFO is 
empty. 
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D) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 


E) LSR BIT-7 will indicate when there are any errors in 
the receive FIFO. 


PROGRAMMABLE 
BAUD RATE GENERATOR 
The ST68C554 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-8 MHz and dividing it by any divisor from 1 
to 2'6 -1. Customize Baud Rates can be achieved by 
selecting proper divisor values for MSB and LSB of 
baud rate generator. 


INTERRUPT ENABLE REGISTER A-D 
The Interrupt Enable Register A-D masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the IRQ* 
output pin. 


IER BIT-o: 
O=disable the receiver ready interrupt 
1=enable the receiver ready interrupt 


IER BIT-1: 
O=disable transmitter empty interrupt 
1=enable transmitter empty interrupt 


IER BIT-2: 
O=disable receiver line status interrupt 
1=enable receiver line status interrupt 


IER BIT-3: 
O=disable the modem status register interrupt 
1=enable the modem status register interrupt 


IER BIT 7-4: 
All these bits are set to logic zero. 


INTERRUPT STATUS REGISTER A-D 
The ST68C554 provides four level prioritized interrupt 
conditions to minimize software overhead during data 
character transfers. The Interrupt Status Register A- 
D provides the source of the interrupt in prioritized 
manner. During the read cycle, the ST68C554 pro- 


vides the highest interrupt level to be serviced by the 
CPU. No other interrupts are acknowledged until the 
particular interrupt has been serviced. The following 
are the prioritized interrupt levels: 


P 
D3. D2 
D1 DO 
Sour~e of the interrupt 


1 
0 
1 
1 
0 
LSR (Receiver Line Sta- 
tus Register) 
2 
0 
1 
0 
0 
RXRDY (Received Data 
Ready) 
2* 
1 
1 
0 
0 
RXRDY (Receive 
Data 
time out) 
3 
0 
0 
1 
0 
TXRDY( 
Transmitter 
Holding Register Empty) 
4 
0 
0 
0 
0 
MSR 
(Modem 
Status 
Register) 


*RECEIVE TIME-OUT: 
This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 


Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40/ 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 


Example -B: If user programs the word length = 7, with 
parity and one stop bit, the time out will be: 
T = 4 X 7(programmed word length) + 12 = 40 bits 
Character time = 40/10 
[ (programmed word length 
= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 
characters. 


•·•·•·• 
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ISR BIT-o: 
O=aninterrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine 
1=no interrupt pending 


ISR BIT 1-2: 
Logical combination of these bits, provides the high- 
est priority interrupt pending. 


ISR BIT 3-5: 
These bits are not used and are set zero. 


ISR BIT 6-7: 
O=Normal mode. 
1=FIFO's are enabled. 


FIFO CONTROL REGISTER (FCR) 
This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 


FCR BIT-O: 
O=Disable the transmit and receive FIFO. 
1=Enable the transmit and receive FIFO. 


FCR BIT-1: 
O=No change. 
1=Clears the contents of the receive FIFO and resets 
its counter logic to 0 (the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 


FCR BIT-2: 
O=No change. 
1=Clears the contents of the transmit FIFO and resets 
its counter logic to 0 (the transmit shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 


FCR BIT-3: 
O=Nochange. 
1=Changes RXRDY and TXRDY pins from mode "0" 
to mode "1". 


Transmit 
operation 
in mode "0": 
When ST68C554 is in ST16C450 mode ( FCR bit-O=O 
) or in the FIFO mode ( FCR bit-0=1, FCR bit-3=0 ) 
when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 


Receive operation 
in mode "0": 
When ST68C554 is in ST16C450 mode ( FCR bit-O=O 
) orin the FIFO mode (FCR bit-0=1, FCR bit-3=O) and 
there is at least 1 character in the receive FIFO, the 
RXRDY* pin will go low. Once active the RXRDY* pin 
will go high (inactive) when there are no more charac- 
ters in the receiver. 


Transmit 
operation 
in mode "1": 
When ST68C554 is in ST16C550 mode ( FCR bit- 
0=1, FCR bit-3=1 ) the TXRDY* pin will become high 
(inactive) when the transmit FIFO is completely full. It 
will be low if one or more FIFO locations are empty. 


Receive operation 
in mode "1": 
When ST68C554 is in ST16C550 mode ( FCR bit- 
0=1, FCR bit-3=1 ) and the trigger level orthe timeout 
has been reached, the RXRDY* pin will go low. Once 
it is activated it will go high (inactive) when there are 
no more characters in the FIFO. 


FCR BIT 4-5: 
Not used. 


FCR BIT 6-7: 
These bits are used to set the trigger level for the 
receiver FIFO interrupt. 


BIT-7 
BIT-6 
FIFO trigger 
level 


0 
0 
01 
0 
1 
04 
1 
0 
08 
1 
1 
14 
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LINE CONTROL REGISTER A-D 
The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 


LCR BIT1-Q: 
These two bits specify the word length to be transmit- 
ted or received. 


00=5 bits word length 
01=6 bits word length 
10=7 bits word length 
11=8 bits word length 


LCR BIT-2: 
The number of stop bits can be specified by this 
bit. 


0=1 stop bit, when word length=5, 6, 7, 8 bits 
1=1 and 1/2 stop bit, when word length=5 bits 
1=2 stop bits, word length=6, 7, 8 bits 


LCR BIT-3: 
Parity or no parity can be selected via this bit. 
O=no parity 
1=a parity bit is generated during the transmission; 
receiver also checks for received parity 


LCR BIT-4: 
If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 
O=oddparity is generated by calculating odd number 
of 1's in the transmitted data; receiver also checks for 
same format. 
1=an even parity bit is generated by calculating the 
number of even 1's in the transmitted data; receiver 
also checks for same format. 


LCR BIT-5: 
If the parity bit is enabled, LCR 
BIT-S selects the 


forced parity format. 
LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1, parity bit is forced to 
"0" in the transmitted and received data. 


LCR BIT-6: 
Break control bit. 
1=forces the transmitter output (TX A-D) to go low to 
alert the communication terminal 
O=normal operating condition 


LCR BIT-7: 
The internal baud rate counter latch enable (DLEN). 
O=normal operation 
1=select divisor latch register 


MODEM CONTROL REGISTER A-D 
This register controls the interface with the MODEM 
or a peripheral device (RS232). 


MCR BIT-O: 
O=force DTR* output to high 
1=force DTR* output to low 


MCR BIT-1: 
O=force RTS* output to high 
1=force RTS* output to low 


MCR BIT2-3: 
x=not used 


MCR BIT-4: 
O=normal operating mode 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX A-D) is set high (Mark condi- 
tion), the Receiver inputs (RXA-D, 
CTSA-D*, 
DSR 


A-D*, CD A-D*, and RI A-D*) are disabled. Internally, 
the transmitter output is connected to the receiver 
input and DTR A-D*, RTS A-D* and MCR A-D bit-2,3 
are connected to modem control inputs. In this mode 
, the receiver and transmitter 
interrupts are fully 


operational. The Modem Control Interrupts are also 
operational, but the interrupt sources are now the 
lower four bits of the Modem Control Register instead 
of the four Modem Control Inputs. The interrupts are 
still controlled by the IER A-D. 


MCR BIT 5-7: 
Not used. Are set to zero permanently. 


I•••• 
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LINE STATUS REGISTER A-D 
This register provides the status of data transfer to 
CPU. 


LSR BIT-O: 
O=nodata in receive holding register 
1=a data has been received and saved in the receive 
holding register 


LSR BIT-1: 
O=nooverrun error (normal) 
1=overrun error, 
next character arrived before re- 
ceive holding register was empty 


LSR BIT-2: 
O=no parity error (normal) 
1=parity error, received data does not have correct 
parity information 


LSR BIT-3: 
O=noframing error (normal) 
1=framing error received, received data did not have 
a valid stop bit 


LSR BIT-4: 
O=no break condition (normal) 
1=receiver received a break signal (RX was low for 
one character time frame) 


LSR BIT-5: 
O=transmit holding register is full; ST68C554 will not 
accept any data for transmission 
1=transmit holding register is empty; CPU can load 
the next character 


LSR BIT-6: 
O=transmitter holding and shift registers are full 
1=transmitter holding and shift registers are empty 


LSR BIT-7: 
O=Normal 
1=At least 
one parity error, framing error or break 
indication in the FIFO. This bit is cleared when LSR is 
read. 


MODEM STATUS REGISTER A-D 
This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0' whenever the CPU reads this register. 


MSR BIT-O: 
Indicates that the CTS* input to the ST68C554 has 
changed state since the last time it was read. 


MSR BIT-1: 
Indicates that the DSR* input to the ST68C554 has 
changed state since the last time it was read. 


MSR BIT-2: 
Indicates that the RI* input to the ST68C554 has 
changed from a low to a high state. 


MSR BIT-3: 
Indicates that 
the CD* input to the ST68C554 has 
changed state since the last time it was read. 


MSR BIT-4: 
This bit is equivalent to RTS in the MCR. It is the 
compliment of the CTS* input. 


MSR BIT-5: 
This bit is equivalent to DTR 
in the MCR. It is the 
compliment of the DSR* input. 


MSR BIT-6: 
This bit is equivalent to MCR bit-2 during local loop- 
back mode. It is the compliment of the RI* input. 


MSR BIT-7: 
This bit is equivalent to MCR bit-3 during local loop- 
back mode. It is the compliment to the CD* input. 


SCRATCH PAD REGISTER A-D 
ST68C554 provides a temporary data registerto store 
8 bits of information for variable use. 
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BAUD 
RATE 
GENERATOR 
PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 


BAUD RATE 
16xCLOCK 
> 
DVISOR 
%ERROR 


50 
2304 
75 
1536 
150 
768 
300 
384 
600 
192 
1200 
96 
2400 
48 
4800 
24 
7200 
16 
9600 
12 
19.2 
6 
38.4K 
3 
56K 
2 
2.77 
115.2K 
1 


.... 


REGISTERS 
RESET STATE 


IER A-D 
BITS 0-7=0 
ISR A-D 
BIT-0=1, BIT-7=0 
LCR A-D 
BITS 0-7=0 
MCRA-D 
BITS 0-7=0 
LSR A-D 
BITS 0-4=0, BITS 5-6=1, BIT- 
7=0 
MSRA-D 
BITS 0-3=0,BITS 4-7= input 
signals 


SIGNALS 
RESET STATE 


TXA-D 
High 
RTS A-D* 
High 
DTRA-D* 
High 
RXRdy* 
High 
TxRdy 
Low 
IRQ 
Three state mode 
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A2A1 AO 
Register 
BIT-7 
BIT-6 
BIT-5 
BIT-4 
BIT-3 
BIT-2 
BIT-1 
BIT-O 


0 
0 
0 
RHR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
THR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
1 
IER 
0 
0 
0 
0 
modem 
receive 
transmit 
receive 
status 
line 
holding 
holding 
interrupt 
status 
register 
register 
interrupt 


0 
1 
0 
FCR 
RCVR 
RCVR 
0 
0 
OMA 
XMIT 
RCVR 
FIFO 
trigger 
trigger 
mode 
FIFO 
FIFO 
enable 
(MSB) 
(LSB) 
select 
reset 
reset 


0 
1 
0 
ISR 
0/ 
0/ 
0 
0 
int 
int 
int 
int 
FIFOs 
FIFOs 
priority 
priority 
priority 
status 
enabled 
enabled 
bit-2 
bit-1 
bit-O 


0 
1 
1 
LCR 
divisor 
set 
set 
even 
parity 
stop 
word 
word 
latch 
break 
parity 
parity 
enable 
bits 
length 
length 
enable 
bit-1 
bit-O 


1 
0 
0 
MCR 
0 
0 
0 
loop 
Not 
Not 
RTS* 
OTR* 
back 
used 
used 


1 
0 
1 
LSR 
0/ 
trans. 
trans. 
break 
framing 
parity 
overrun 
receive 
FIFO 
empty 
holding 
interrupt 
error 
error 
error 
data 
error 
empty 
ready 


1 
1 
0 
MSR 
CO 
RI 
OSR 
CTS 
delta 
delta 
delta 
delta 
CO* 
RI* 
OSR* 
CTS* 


1 
1 
1 
SPR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
DLL 
bit-7 
bit· 6 
bit-5 
bit-4 
bit-3 
bit·2 
bit· 1 
bit-O 


0 
0 1 
DLM 
bit-15 
bit-14 
bit-13 
bit-12 
bit-11 
bit-10 
bit·9 
bit-S 
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AC ELECTRICAL 
CHARACTERISTICS 


TA=O· - 70· C, 
Vcc=5.0 
V ± 10% unless otherwise 
specified. 


T~¥mbol 
parameter 
Limits 
Min 
typ 


T, 
Clock 
high pulse duration 
50 
ns 
T2 
Clock 
low pulse duration 
50 
ns 
T3 
Clock 
rise/fall 
time 
10 
ns 
T8 
Chip select 
setup time 
5 
ns 
Tg 
Chip select 
hold time 
0 
ns 


T'2 
Data setup time 
15 
ns 


T'3 
Data hold time from write or CS* 
15 
ns 


T,. 
Write 
set up time 
10 
ns 


T'5 
Write 
strobe width 
50 
ns 


T'6 
Chip select 
hold time from write 
15 
ns 
T17 
Write 
cycle delay 
45 
ns 


T'8 
Data setup time 
15 
ns 
Tw 
Write 
cycle=T'5+T'7 
105 
ns 
T24 
Data hold time 
0 
ns 
T25 
Read cycle delay 
25 
ns 
Tr 
Read cycle=T,8+T25 
105 
ns 
T27 
Chip select 
pulse width 
75 
ns 
T28 
Delay from Write 
to output 
50 
ns 
T29 
Delay to set interrupt 
from 
MODEM 
35 
ns 
input 
T3, 
Delay from stop to set interrupt 
1RcI< 
ns 
T32 
Delay from 
Read to reset interrupt 
200 
ns 
T33 
Delay 
from 
initial 
IRQ* 
reset to 
8 
24 
transmit 
start 
T34 
Delay 
from stop to interrupt 
100 
ns 
T35 
Delay 
from Write 
to reset interrupt 
75 
ns 
T44 
Delay 
from stop to set RxRdy 
1RCLK 
T45 
Delay 
from 
read (CS*) to reset RxRdy 
1 
IJS 
T46 
Delay from write 
to set TxRdy 
195 
ns 
T47 
Delay 
from start to reset TxRdy 
8 


• = Baudout* 
cycle 


100 pF load 
100 pF load 


100 pF load 
100 pF load 


Supply 
range 
Voltage 
at any pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


7 Volts 
GND-0.3 
V to 
VCC+0.3 
V 
O· C to +70· C 
_40· C to +150· 
C 
500 mW 


V'LCK 
Clock 
input low level 
-0.5 
0.6 
V 


V'HCK 
Clock 
input high level 
3.0 
VCC 
V 


V'L 
Input low level 
-0.5 
0.8 
V 


V'H 
Input high level 
2.2 
VCC 
V 


VOL 
Output 
low level 
0.4 
V 
IOL=6 mA on all 
outputs 


VOH 
Output 
high level 
2.4 
V 
IOH=-6 mA 


Icc 
Avg. 
power supply 
6 
mA 
current 


I'L 
Input leakage 
±10 
~ 
ICL 
Clock 
leakage 
±10 
~ 
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RTS* 
DTR* 


CD 
CTS 
DSR 
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START 
BIT--I" 


STOP 
BIT-- 


1 
I 
I 
I 
I 


~I 
I 
I 
I~: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


NEXT 
DATA 
START 
BIT 


_ 
i.- 131 
'\~( 


RXINPUT 
(First byte) 


START 
BIT---14---------------- 


-iT44\_A 
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START BIT 
-- 
DATA BITS (5-8) 
STOP BIT 
•• 
'41---------------_ 
••1 
~ 


Fi rst byte that reaches 
the trigger 
level 
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START BIT--14 


-+i k- 
T33 
~. 


I 
I 
I 
I 
I 
., 
I 


I 
I.: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


1 
I 
I 
I 
I 
I 
I 
--- 


STOP BIT-- 


NEXT 
DATA 
START BIT 
\_f 
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_ 
DATA BITS(5-8) 
STOP BIT 
-I.---------------~~~I 
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00-07 
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I DESCRIPTION 
, 


The ST16C650 is a universal asynchronous receiver 
and transmitter with 32 bytes transmit and receive 
FIFO. A programmable baud rate generator is pro- 
vided to select transmit and receive clock rates from 
50Hz to 448kHz. 
The ST16C650 
is an improved 
version 
of the 
ST16C550 UART with deeper FIFO, software/ hard- 
ware 
flow control. The ST16C650 on board status 
registers 
provides the error 
conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C650 
provides internal loop-back capability for on board 
diagnostic testing. The ST16C650 provides pin se- 
lectable interface mode to function as stand alone 
ST16C550 or direct PC connect. 
The ST16C650 is fabricated in an advanced 1.21! 
CMOS process to achieve low drain power and high 
speed requirements. 


I FEATURES 
, 


• Pin to pin and functional compatible to NS16550, 
VL16C550,VVD16C550,ST16C550 
• 32 byte transmit FIFO 
.32 
byte receive FIFO with error flags 
• Pin selectable interface mode 
• Software/Hardware flow control 
• Programmable XonlXoff 
characters 
• Sleep mode ( 8001-lAstand-by) 
• Low operating current ( 1.5mA typ.) 
• Independent transmit and receive control 
• 460 kHz transmit/receive operation 
• Selectable Transmit/Receive trigger levels 
• Infrared receive and transmit, input / output. 


r ORDERING 
INFORMATION 
, 


Part number 
Package 
Operating temperature 
ST16C650CP40 
Plastic-DIP 
0° C to + 70° C 
ST16C650CJ44 
PLCC 
0° C to + 70° C 
ST16C650CQ52 
QFP 
0° C to + 70° C 
ST16C650CQ48 
TQFP 
0° C to + 70° C 
"Industrial operating range are available 


n Hi 
~~~n ! 
~ 
~~i~ 


Plastic-DIP 
Package 


00 
vcc 


01 
RI" 


CO" 


03 
4 
37 
DSR" 


D4 
5 
36 
CTS* 


05 
6 
35 
RESET 


D6 
7 
34 
OP1" 


07 
8 
33 
OTR" 


0 
32 
RTS* 
"<ta.. 


RX 
<.> 
31 
OP2" 
0 
TX 
10 
30 
INT 
co 
<.> 
cso 
12 
co 
29 
RXROY" 
;:: 
CSl 
13 
CJ) 
AO 


CS2" 
14 
A1 


BAUOOUT* 
15 
A2 


XTAl1 
16 
AS" 


XTAl2 
17 
24 
TXROY 


lOW" 
18 
23 
DDIS" 


lOW 
19 
22 
lOR 


GNO 
20 
21 
lOR" 


Patent pending 
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LOGIC 
PORT 
~ 


DECODE 
~ 
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•.. 
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RECEIVE FIFO 
TRANSMIT 
FIFO 


CONTROL 
LOGIC 
CONTROL 
LOGIC 


AND 
.-~ 
AND 


SOFTWARE 
FLOW 
SOFTWARE 
FLOW 


CONTROL 
LOGIC 
CONTROL 
LOGIC 


rn 
t 
» 
;;0 
C 
~ 
>< 
0 
0C 


XTAL1 
XTAL2 


OP1*,OP2* 
RTS*, DTR* 


CTS*, DSR* 
CD*, RI* 
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Symbol 
Pin 
Signal Type 
Pin Description 


A9 
1 
I 
Address select line 9. When PC mode is selected, this pin 
is used as 10th address line to decode the standard COM1- 
4 ports. 


DO-D7 
2-9 
1/0 
Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


S2/RCLK 
10 
I 
Port select-2 or Receive clock input (dual function). When 
PC mode isselected the RCLK input isconnected internally 
to BAUDOUT* output pin and S2 is used to select one ofthe 
ComPort addresses (Com1-4). During STD mode opera- 
tion, this pin is usedas external clock input tothe ST16C650 
receiver section. 


RX 
11 
I 
Serial data input. The serial information (data) received 
from serial port to ST16C650 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
local loop-back mode the RX input isdisabled from external 
connection and connected to the TX output internally. 


A4 
12 
I 
Address select line 4. When PC mode is selected, this pin 
is used as 5th address line to decode the standard COM1- 
4 ports. 


TX 
13 
0 
Serial data output. The serial data istransmitted via this pin 
with additional start, stop and parity bits. The TX will be held 
in mark (high) state during reset, local loop-back mode or 
when the transmitter is disabled. 


A5/CSO 
14 
I 
Address line 5 or Chip select-1 (dual function). During the 
PC mode operation, this pin is used as 6th address line to 
decode the standard COM1-4 ports. During STD mode this 
pin acts as active high chip select input pin. 


A6/CS1 
15 
I 
Address line 6 or Chip select-2 (dual function). During the 
PC mode operation, this pin is used as 7th address line to 
decode the standard COM1-4 ports. During STD mode this 
pin acts as active high chip select input pin 


I··.·..···..•.. ·.·.··..;···..······ 


I 
Address line 7 or Chip select -3 (dual function). During the 
PC mode operation, this pin is used as 8th address line to 
decode the standard COM1-4 ports. During STD mode this 
pin acts as active low chip select input pin. 


o 
Baud rate generator clock output or LPT1 decode address 
(378 Hex) (dual function). This output provides the 16X 
clock 
of the internal selected baud rate during standard 
mode. RCLK pin is connected externally to BAUDOUT* pin 
to provide receive clock when STD mode is selected. This 
pin internally is connected to RCLK input and address 378 
Hex is decoded when PC mode is selected. 


I 
Crystal input 1 or external clock input. A crystal 
can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generator for custom transmis- 
sion rates. 


I 
Crystal 
input 
2 or buffered clock output. See XTAL 1. 


External 1 Mn 
resistor is required to connect between 
XTAL1 and XTAL2 pins. 


I 
Write strobe. (active low) A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


I 
Address 8 or Write strobe (dual function). During the PC 
mode operation, this pin is used as 9th address line 
to 
decode the standard COM1-4 ports. During STD mode this 
pin functions as Write strobe (active high). Same as IOW*, 
but uses active high input. Note that only an active IOW* 
or lOW input is required to transfer data from 
CPU to 
ST16C650 during write operation. 


I 
Port select-1. S1 is used to select one of the ComPort 
addresses (Com1-4). 


I" 
Read strobe. (active low) A low level on this pin transfers 
the contents of the ST16C650 data bus to the CPU. 
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..... 


Symbol 
Pin 
Signal Type.·· 
Pili Description 


A3/IOR 
25 
I 
Address line 3 or Read strobe (dual function). When PC 
mode is selected, this pin is used as 4th address line to 
decode the standard COM1-4 ports. During STD mode 
operation this pin isused as Read strobe. Same as lOR·, but 
it is used as active high Read strobe. Note that 
only an 
active lOR· or lOR input is required to transfer data from 
ST16C650 to CPU during read operation. 


DDIS·/LPT2· 
26 
0 
Drive disable or LPT2 decoded address (278 Hex) (dual 
function). (active low) This pin goes low when the CPU is 
reading data from the ST16C650 to disable the external 
transceiver or logic's during STD mode. During PC mode, 
LPT2 address is decoded. 


IRQCITXRDY 
27 
0 
IRQ-C Interrupt (three state) or Transmit ready (dual func- 
tion). Three state interrupt output during PC mode and 
Transmit ready during STD mode. When STD mode is 
selected this pin goes high when the transmit FIFO of the 
ST16C650 is full. See INTA/INT description for IRQ-C 
operation. 


AEW/AS· 
28 
I 
Address enable or Address strobe (dual function). During 
PC mode operation Valid COM 1-4 ports are decoded when 
this pin goes low. A low onthis pin During STD mode latches 
the state ofthe chip selects and addressed register (A2-AO). 
This input is used 
when signals are not stable for the 
duration of a read or write operation. If not required, tie the 
AS· input permanently low. 


A2 
29 
I 
Address select line 2. To select internal registers. 


A1 
30 
I 
Address select line 1. To select internal registers. 


AO 
31 
I 
Address select line O. To select internal registers. 


IRQB/RXRDY· 
32 
0 
IRQ-B Interrupt (three state) or Receive ready (dual func- 
tion). Three state interrupt output during PC mode and 
Receive ready during STD mode. During the STD mode 
operation this pin goes low when the receive FIFO is full. 
See INTA/INT description for IRQ-B operation. 


I.·.···· •. 
····.················ 
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Symbol 
Pin 
Signal Type 
Pin Description 


IRQNINT 
33 
0 
IRQ-A Interrupt (normal, three state or open source) or 
Interrupt output (triple function active high). During PC 
mode operation, this pin is activated when MCR Bit-3 is set 
to "1" and enabled by the interrupt enable register. when- 
ever a receiver error, receiver data available, transmitter 
empty, or modem status condition flag is detected. During 
the STD mode operation three state mode is disabled and 
functions as active IRQ-A. Multiple ST16C650 interrupts 
can be connected to form a wired "Ored" function by setting 
the MCR bit-5 to "1" and connecting a 450 n resistor to 
ground. 


SEL 
34 
I 
Mode select (pulled-up). PC mode is selected by tying this 
pin to GND and STD mode is selected when this pin is left 
open or tied to VCC. 


S3/0P2* 
35 
I/O 
Select-3 or User defined output (dual function). ComPort 
address select 1-4 when PC mode is selected and general 
purpose output when STD mode is selected. See bit-3 
modem control register (MCR bit-3). 


RTS* 
36 
0 
Request to send. (active low) To indicate that the transmit- 
ter has data ready to send. Writing a "1" in the modem 
control register (MCR bit-1 ) will set this pin to a low state. 
After the reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion it is not enabled via EFR Bit-6. 


DTR* 
37 
0 
Data terminal 
ready. 
(active 
low) 
To 
indicate 
that 
ST16C650 is ready to receive data. 
This pin can be 
controlled via the modem control register (MCR bit-O). 
Writing a"1" atthe MCR bit-Owill setthe DTR*outputto low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset. Note that this pin does not have 
any effect on the transmit or receive operation. 


OP1* 
38 
0 
User defined output. See bit-2 of modem control register 
(MCR bit-2). 


RESET 
39 
I 
Master reset. (active high) A high onthis pin will reset all the 
outputs and internal registers. The transmitter output and 
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Symbol 
Pin 
Signal Type 
Pin' Description 


" 


the receiver input will be disabled during reset time. 


CTS* 
40 
I 
Clear to send. (active low) The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR BIT-4. CTS* has no effect on the transmit 
or receive operation if it is not enabled via EFR Bit-7. 


DSR* 
41 
I 
Data set ready. (active low) A low on this pin indicates the 
MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


CD* 
42 
I 
Carrier detect. (active low) A low on this pin indicates the 
carrier has been detected by the modem. 


RI* 
43 
I 
Ring detect indicator. (active low) A low onthis pin indicates 
the modem has received a ringing signal from telephone 
line. 


VCC 
44 
I 
Power supply input. 


The ST16C650 is designed to upgrade the existing 
16C550 market. It provides additional features to 
reduce the software over-head, external glue logic, 
operating and stand-by current, and maintain the 
16C550 
software 
compatibility 
with 
existing 
software's. 


After reset ST16C650 is down-ward compatible with 
ST16C450 and ST16C550 except it provides 32 bytes 
of data FIFO ( when ST16C550 mode is enabled) 
instead of 16 bytes. All other additional features are 
available through special function register. The 40 pin 
Dip package offers the software/Hardware flow con- 
trol, sleep mode, selectable transmit trigger levels, 
and two selectable baud rate generators. The 44 pin 


PLCC package offers all the above features with 
selectable dual foot print ( direct PC connect ), two 
additional three state interrupt lines, and one select- 
able open source 
interrupt 
output to "Or" other 
ST16C650 interrupt outputs to reduce the number of 
interrupt lines. 


When direct PC mode is selected ( 44 pin PLCC 
package only), the external glue logic which is used 
to decode the COM-1 (3F8-3FF), COM-2 (2F8-2FF), 
COM-3 (3E8-3EF), and COM-4 (2E8-2EF) and select 
the proper interrupt lines have been implemented 
within the ST16C650. The ST16C650 provides Three 
selectable pins to select the desired ports and inter- 
rupts for automatic configurations. In addition to these 


I.·•••·•••·•••••· 
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addresses the ST16C650 decodes two additional ad- 
dresses for LPT-1 (378-37F, printerport-1), and LPT· 
2 (278-27F, printer port-2) via OP2 and Baudout pins. 
These address decodes are used for IBM PC or 
compatible computers serial and parallel ports. Dur- 
ing Direct connect mode all three interrupts functions 
are three state interrupts, to activate the interrupts 
MCR bit-3 should be set to "1". 


The 32 bytes data FIFO's are enabled when user 
writes to the ST16C550/ST16C650 FIFO control reg- 
ister. With standard 16C550 parts, the user can only 
set receive trigger levels but not transmit trigger level. 
The ST16C650 provides independent trigger levels 
for both receiver and transmitter. To be compatible 
with ST16C550, 16 bytes transmit trigger level is 
selected after reset. Note that user can write to trans- 
mit trigger levels but activation will not take place till 
ST16C650 special mode is selected ( EFR bit-4 is set 
to "1"). The ST16C650 is designed to work with high 
speed modems and shared network environments, 
that requires fast processing time. By increasing num- 
ber of characters in the FIFO, networking units can 
handle 
more data within 
same time. 
Example: 


ST16C550 with 16 bytes of data, 115.2k and 8 bits 
wide word and one stop bit, will take 1.52 ms to 
transmit 16 bytes of data. But with 32 bytes of data 
buffer it will take 3.05 ms. This will gives additional 
time for the CPU to process other applications and 
reduce the interrupt servicing time. 


The contents of the Xon-1,2 and Xoff 1,2 are not reset 
to any given values and user can write any values 
desired for software flow controls. Different conditions 
can be set to detect Xon/Xoff characters or start/stop 
the transmissions. See the table for all possible con- 
ditions. When single Xon/Xoff characters are se- 
lected, ST16C650 compares the incoming data with 
these values and controls the transmission, these 
characters are not stacked in data buffer or FIFO. 
Special case is provided to detect the special charac- 
ter and stack it into the data buffer or FIFO. These 
conditions are selected via Enhanced Feature Regis- 
ter ( EFR bit 0-3). 


Hardware flow control can be selected when either or 
both bits of the EFR bit 6-7 are set to "1". When auto 
CTS is selected, the ST16C650 will stop the transmis- 
sion as soon as a complete character is transmitted 
and CTS input level is high. Transmission is resumed 
after CTS input changes to low level. 


RTS pin will be forced to high state regardless of it's 
original state when receive FIFO reaches to the 
programmed trigger level. RTS pin resumes it original 
state after content of the data buffer (FIFO) drops 
below the programmed trigger level. Both hardware 
and software flow controls can be enabled for auto- 
matic 
operation. 
During 
these 
conditions 
the 
ST16C650 will accept additional data to fill the unused 
transmit and receive FIFO locations. 


Special interrupt modes have been added to monitor 
the hardware and software flow conditions. These are 
the IER bits 5-7. 


The ST16C650 is designed to operate with low power 
consumption, special sleep mode has been added to 
stop the clock and reduce the power consumption 
when it is not used (Green PC ). When EFR bit-4 and 
IER bit-4 are enabled ( set to "1" ), the ST16C650 
enters into sleep mode and resumes it's normal opera- 
tion when a data is received or state of the modem 
input pins changes or it is set to transmit data. The 
ST16C650 stays in this mode till it is disabled. 


Special care should be considered for the following 
interrupt conditions and handling them. After reset if 
transmitter interrupt is enabled, ST16C650 will issue 
an interrupt to indicate that transmit holding register is 
empty, no other interrupts will be issued after enabling 
the interrupt. The LSR register has highest interrupt 
priority and CTS, RTS have lowest interrupt priority. 
The interrupt status register will show the highest 
interrupt 
priority condition, and after servicing the 
interrupt condition next priority interrupt level will be 
shown. There are two interrupt conditions that have 
same priority and it is important to know the conditions 
to service. Receive data ready and receive time out 
sharethe same priority with one additional bit ( IER bit- 
3). Receiver issues interrupt after number of charac- 
ters are reached the programmed trigger level, in this 
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case the ST16C650 
FIFO holds equal or more charac- 
ters than the trigger 
level. After reading 
block of data, 
user can check the LSR bit-O for additional 
characters. 


If numberof 
characters 
in the receive 
data register did 
not reach to programmed 
trigger 
level within 
certain 
time frame, 
ST16C650 
will issue receive 
data ready 
interrupt 
with ISR bit-3 set to "1". 


Note 
that, 
receive 
time 
out 
is functional 
only 
in 
ST16C550/650 
mode. Receive 
time out will not occur 
if the receive 
FIFO is empty. 
The time out counterwill 
be reset at the center of each stop bit received 
or each 
time receive 
holding 
register 
is read. The actual time 
out value 
is T ( Time 
out 
length 
in bits)= 
4 X P ( 
Programmed 
word length) 
+ 12. To convert 
time out 
value 
to a character 
value, 
user has to divide 
this 
number 
to its complete 
word length + parity ( if used) 
+ number 
of stop bits and start bit. 


Example 
-A: Ifuser 
programs 
the word length = 7, and 
no parity and one stop bit, Time 
out will be: 
T = 4 X 7( programmed 
word length) 
+12 = 40 bits 
Character 
time = 40/ 
9 [(programmed 
word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 


Example 
-B: If user programs 
the word length = 7, with 
parity and one stop bit, the time 
out will be: 


T = 4 X 7(programmed 
word length) 
+ 12 = 40 bits 
Character 
time = 40 /10 
[ (programmed 
word length 
= 7) + (parity 
= 1) + (stop bit = 1) + (start bit = 1) = 4 
characters. 


Due to number 
of active simultaneous 
interrupt 
limita- 
tions in PC and compatibles, 
ST16C650 
offers share 
interrupt 
out by setting 
MCR bit-5 to "1". If this mode 
is selected, 
it is required 
to connect 
200-500 
ohm 
resistor 
between 
the INTA 
pin to Ground. 
Note that 
other interrupts 
( INTB, 
INTC ) will be inactive 
during 
this mode. 


Dual baud rate generator 
is provided 
to maintain 
the 
16C550 
compatibility 
and 
provide 
higher 
data 
rate 
when it is needed. 
Example 
14.4k to 19.2k modems 
requires 
to have 
57k to 115.2k 
data 
rate and 28.8k 
modem 
requiems 
to have 230.4K. 
The 16C550 
com- 
patible 
parts 
can only 
offer 
115.2k 
to maintain 
the 
software 
compatibility. 
The 
ST16C650 
utilizes 
7.32 
MHz 
crystal/clock 
and 
provide 
16C550 
compatible 
data rate and higher. ST16C550 
and ST16C650 
baud 


rate generator 
tables 
can be selected 
is setting 
and 
resetting 
the 
MCR bit-7. 


The ST16C650 
transmit 
trigger 
level, 
provides 
addi- 
tional flexibility 
to the user for block mode operation. 


In ST16C550/650 
mode LSR bits 5-6 gives 
indication 
that 
transmitter 
is empty 
or 
not, 
but 
there 
is no 
mechanism 
to identify 
FIFO 
full 
state 
or available 
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FIFO by utilizing 
the DMA mode 
(FCR 
bit-3). 
When 
FIFO's are enabled and DMA mode "0" is selected, 
the 
ST16C650 
sets the interrupt 
bit and activates 
interrupt 
output 
pin for single 
transmit 
and receive 
operation 
like ST16C450 
mode except 
it can receive 
and trans- 
mit 32 bytes of characters. 
When 
DMA 
mode 
"1" is 
activated, 
usertakes 
the advantage 
ofthe 
block mode 
operation. 
In this mode, 
transmitter/receiver 
sets the 
interrupt 
flag and interrupt 
output pin, when characters 
in the FIFO are below the transmit 
trigger 
level or over 
receive 
trigger 
level. Note that since ST16C550 
does 
not have 
transmit 
trigger 
levels, 
the 
default 
trigger 
level in the ST16C650 
is set to 16 bytes (trigger 
level 
"0" ). 
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A2 
A1 
AO 
READ MODE 
WRITE MODE 


0 
0 
0 
Receive Holding Register 
Transmit Holding Register 
0 
0 
1 
Interrupt Enable Register 
0 
1 
0 
Interrupt Status Register 
FIFO Control Register 
0 
1 
1 
Line Control Register 
1 
0 
0 
Modem Control Register 
1 
0 
1 
Line Status Register 
1 
1 
0 
Modem Status Register 
1 
1 
1 
Scratch pad Register 
Scratchpad Register 


0 
0 
0 
LSB of Divisor Latch 
LSB of Divisor Latch 
0 
0 
1 
MSB of Divisor Latch 
MSB of Divisor Latch 
0 
1 
0 
Enhanced Feature Register 
Enhanced Feature Register 
1 
0 
0 
Xon-1 Word 
Xon·1 Word 
1 
0 
1 
Xon-2 Word 
Xon·2 Word 
1 
1 
0 
Xoff·1 Word 
Xoff-1 Word 
1 
1 
1 
Xoff·2 Word 
Xoff-2 Word 


These registers are accessible only when LCR bit·7 is set to "1". Enhanced Feature Register is 
accessible only when LCR is set to "FF" 
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...... 
.... 
••" 
BIT .•• · 
A2 AtAO 
Register 
BIT.7 
BIT-6 
BIT-5 
BIT-3 
BIT·2 
BIT~1 
BIT-G 


0 
0 
0 
RHR 
bit-7 
bit-6 
bit-5 
brt-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
THR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
1 
IER 
01 
01 
01 
01 
modem 
receive 
transmit 
receive 
CTS 
RTS 
Xoff 
Sleep 
status 
line 
holding 
holding 
interrupt 
interrupt 
interrupt 
mode 
interrupt 
status 
register 
register 
interrupt 


0 
1 
0 
FCR 
RCVR 
RCVR 
OITX 
OITX 
DMA 
XMIT 
RCVR 
FIFO 
trigger 
trigger 
trigger 
trigger 
mode 
FIFO 
FIFO 
enable 
(MSB) 
(LSB) 
(MSB) 
(LSB) 
select 
reset 
reset 


0 
1 
0 
ISR 
01 
01 
01 
01 
int 
int 
int 
int 
FIFO's 
FIFO's 
RTS, 
Xoff 
priority 
priority 
priority 
status 
enabled 
enabled 
CTS 
bit-2 
bit-1 
bit-O 


0 
1 
1 
LCR 
divisor 
set 
set 
even 
parity 
stop 
word 
word 
latch 
break 
parity 
parity 
enable 
bits 
length 
length 
enable 
bit-1 
bit-O 


1 
0 
0 
MCR 
Clock 
01 
INTA 
loop 
OP2"1 
OP1' 
RTS' 
DTR' 
select 
IRRT 
type 
back 
IRQx 
enable 
select 
enable 


1 
0 
1 
LSR 
01 
trans. 
trans. 
break 
framing 
parity 
overrun 
receive 
FIFO 
empty 
holding 
interrupt 
error 
error 
error 
data 
error 
empty 
ready 


1 
1 
0 
MSR 
CD 
RI 
DSR 
CTS 
delta 
delta 
delta 
delta 
CO' 
RI' 
DSR' 
CTS' 


1 
1 
1 
SPR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
DLL 
blt-7 
blt-6 
blt-5 
blt-4 
blt-3 
blt-2 
blt-1 
blt-O 


0 
0 
1 
DLM 
blt-15 
blt-14 
blt-13 
blt-12 
blt-11 
blt-10 
blt-9 
blt-B 


0 
1 
0 
EFR 
Auto 
Auto 
Special 
Enable 
Cont-3 
Cont-2 
Cont-1 
Cont-O 
CTS 
RTS 
Char. 
IER 
Tx,Rx 
Tx,Rx 
Tx,Rx 
Tx,Rx 
select 
Bits 4-7, 
Control 
Control 
Control 
Control 
ISR, FCR 
Bits 4-5, 
MCR 
Bits 5,7 


These registers are accessible only when LCR bit-7 is set to "1". Enhanced Feature Register 
is accessible 
only when LCR is set to "FF" 


1·••• 
·.·1·.·.• 
··•··•.···.•······•.··· 


ST16C650 


OPERATING MODE. 
The ST16C6S0 provides pin selectable interface for 
existing 16CSSO and new designs. 
PC mode can beselected bytying the SEL pinto GND. 
When PC mode is selected the ST16C6S0 eliminates 
the external address decode logic (glue logic) for 
COM1-4 and jumper setting for IRQ3, IRQ4 or IRQn. 
The ST16C6S0 can be configured as follows: 


838281 
Addr~ss 
ComPort 
IRQ 


0 
0 
0 
3F8-3FF 
COM-1 
IRQB** 
0 
0 
1 
2F8-2FF 
COM-2 
IRQC** 
0 
1 
0 
3E8-3EF 
COM-3 
IRQB** 
0 
1 
1 
2E8-2EF 
COM-4 
IRQC** 


1 
0 
0 
3F8-3FF 
COM-1 
IRQA** 
1 
0 
1 
2F8-2FF 
COM-2 
IRQA** 
1 
1 
0 
3E8-3EF 
COM-3 
IRQA** 
1 
1 
1 
2E8-2EF 
COM-4 
IRQA** 


** All interrupt outputs are inactive' (three state mode) 
except the selected address. 


The serial transmitter section consists of a Transmit 
Hold Register (THR) and 
Transmit Shift Register 


(TSR). The status of the transmit hold register 
is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-DO) to the Transmit holding register when- 
ever the transmitter 
holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that 
a write operation should be per- 


formed when the transmit holding register empty flag 
is set. 
On the falling edge ofthe start bit,the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 


noise spike onthe RX input. Receiver status codes will 
be posted in the Line Status Register. 


When the receive FIFO (FCR BIT-O=1) and receive 
interrupts (IER BIT-O=1) are enabled, receiver inter- 
rupt will occur as follows: 


A) The receive data available interrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will be cleared as soon asthe 
FIFO drops below its programmed trigger level. 


B) 
The ISR receive data available indication also 
occurs when the FIFO trigger level is reached, and like 
the interrupt it is cleared when the FIFO drops below 
the trigger level. 


C) The data ready bit (LSR BIT-O)is set as soon as a 
character is transferred from the shift register to the 
receiver FIFO. It is reset when the FIFO is empty. 


When FCR BIT-O=1;resetting IER BIT3-Otozero puts 
the ST16C6S0 in the FIFO P911edmode of operation. 
Since the receiver and transmitter 
are controlled 
separately either one orboth can be inthe polled mode 
operation by utilizing the Line Status Register. 


A) LSR BIT-Owill be set as long as there is one byte 
in the receive FIFO. 


B) 
LSR BIT4-1 will specify which error(s) has oc- 
curred. 


C) LSR BIT-S will indicate when the transmit FIFO is 
empty. 


D) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 


E) LSR BIT-7 will indicate when there are any errors 
in the receive FIFO. 
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The ST16C650 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-24 MHz and dividing it by any divisor from 1 
to 2'6 -1. The output 
frequency of the Baud-out* is 
equal to 16X oftransmission baud rate (Baud-out*=16 
x Baud Rate). 
Customize 
Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 


BAUD RATE GENERATOR 
PROGRAMMING 
TABLE (7.372 MHz CLOCK): 


: 
...:... 
16X¢LOck· 
..DIVI$PRy······ 
........... 
.:....... 
·~DeclrriaW> . 


•••••• 
.... '" 
..:.: 


50 
200 
2304 
75 
300 
1536 
150 
600 
768 
300 
1200 
384 
600 
2400 
192 
1200 
4800 
96 
2400 
9600 
48 
4800 
19.2K 
24 
7200 
28.8K 
16 
9600 
38.4k 
12 
19.2K 
76.8k 
6 
38.4K 
153.6k 
3 
57.6K 
230.4k 
2 
115.2K 
460.8k 
1 


When hardware flow control operation is enabled, the 
ST16C650 monitors the CTS* pin for transmit opera- 
tion and receiver trigger level for RTS* operation. 
When CTS* changes state from low to high, the 
ST16C650 suspends the transmission operation as 
soon as complete character is transmitted. ISR bit-5 
will be set (if enabled via IER bit 6-7). Transmission 
will resume as soon as CTS* pin goes low. RTS* pin 
will be forced to high state when receiver FIFO 


reached to the programmed trigger level. RTS* will go 
low when Receive Holding Register is below next 
lower trigger level. The ST16C650 will accept addi- 
tional data when transmission is suspended during 
hardware flow control till all locations are filled. 
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data with Xoff-1,2 programmed 
characters. When 
these characters matched correctly, 
the ST16C650 
will halt the transmission after finishing the transmis- 
sion of the complete character. The receive ready, 
Xoff (if enabled via IER bit-5) flags will be set and the 
interrupt output pin (if receive interrupt is enabled) will 
be activated. After the recognition of the Xoff charac- 
ters"the ST16C650 will compare next two incoming 
characters with Xon-1,2 characters. The ST16C650 
will resume the operation and clear the flags (ISR bit- 
4) when Xon characters are received. The ST16C650 
will send Xoff-1 ,2 characters as soon as received data 
passed the programmed trigger level. The ST16C650 
will transmit programmed Xon-1 ,2 characters as soon 
as receive data reached to the next lower trigger level. 


The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 


IER BIT-O: 
0= disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 


IER BIT-1: 
0= disable the transmitter empty interrupt. 
1= enable the transmitter empty interrupt. 


IER BIT-2: 
0= disable the receiver line status interrupt. 
1= enable the receiver line status interrupt. 


IER BIT-3: 
0= disable the modem status register interrupt. 
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IER BIT-4: 
0= disable sleep mode. 
1= enable sleep mode. The ST16C650 enters into 
power down mode and external clock or oscillator 
ciruit is disabled. Any change of state on the RX, RI*, 
CTS*, DSR*, and CD* pins start the ST16C650. The 
ST16C650 will not lose the programmed bits when 
sleep 
mode 
is activated 
or deactivated. 
The 
ST16C650 will not enter in sleep mode if any interrupt 
is pending. 


IER BIT-5: 
0= disable the received Xoff interrupt. 
1= enable the received Xoff interrupt. The ST16C650 
issues an interrupt when Xoff characters are received 
and correctly matched with Xoff 1,2 words. 


IER BIT-6: 
0= cjisable the RTS interrupt. 


1= enable the RTS interrupt. The ST16C650 issues 
interrupt when RTS pin changes state from lowto high. 


IER BIT-7: 
0= disable the CTS interrupt. 
1= enable the CTS interrupt. The ST16C650 issues 
interrupt when CTS pin changes state from lowto high. 


The ST16C650 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Interrupt Status Regis- 
ter (ISR) provides the source of the interrupt in priori- 
tized matter. During the read cycle the ST16C650 
provides the highest interrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized interrupt levels: 


o~ 
00 
. 
+ 


P 
05 04 
02 p, 
Source of the interrupt 
, 


1 
0 
0 
0 
1 
1 
0 
LSR (Receiver Line Status Register) 
2 
0 
0 
0 
1 
0 
0 
RXRDY (Received Data Ready) 
2 
0 
0 
1 
1 
0 
0 
RXRDY (Receive Data time out) 
3 
0 
0 
0 
0 
1 
0 
TXRDY( Transmitter Holding Register Empty) 
4 
0 
0 
0 
0 
0 
0 
MSR (Modem Status Register) 
5 
0 
1 
0 
0 
0 
0 
RXRDY (Received Xoff signal)/ Special character 
6 
1 
0 
0 
0 
0 
0 
CTS, RTS change of state 
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ISR BIT-O: 
0= an interrupt is pending and the ISR contents may 
be used as a pointer to the appropriate interrupt 
service routine. 
1= no interrupt pending. 


ISR BIT 1-3: 
Logical combination of these bits, provides the high- 
est priority interrupt pending. 


ISR BIT 4-5: 
These bits are enabled when FER bit-1 is set to "1". 
ISR bit-4 indicates that matching Xoff characters have 
been detected. ISR bit-5 indicates that CTS, RTS 
have been receiced or issued. Note that the ISR bit-4 
will stay "1" till Xon characters are recieved. 


ISR BIT 6-7: 
These bits are not used and are set to zero in 
ST16C450 mode. BIT 6-7: are set to "1" in ST16C650 
mode. 


This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 


FCR BIT-O: 
0= disable the transmit and receive FIFO. 
1= enable the transmit and receive FIFO. 
This bit should be enabled before setting the FIFO 
trigger levels. 


FCR BIT-1: 
0= No change. 
1= Clears the contents of the receive FIFO and resets 
its counter logic to 0 (the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 


FCR BIT-2: 
0= No change. 
1= Clears the contents ofthe transmit FIFO and resets 
its counter logic to 0 (the transmit shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 


FCR BIT-3: 
0= No change. 
1= Changes RXRDY and TXRDY pins from mode "0" 
to mode "1". 


Transmit 
operation 
in mode "0": 
When ST16C650 is in ST16C450 mode (FCR bit-O=O 
) or in the FIFO mode ( FCR bit-0=1, FCR bit-3=0 ) 
when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 


Receive operation 
in mode "0": 
When ST16C650 is in ST16C450 mode (FCR bit-O=O 
) orin the FIFO mode (FCR bit-0=1, FCR bit-3=0) and 
there is at least 1 character in the receive FIFO, the 
RXRDY* pin will go low. Once active the RXRDY* pin 
will go high (inactive) when there are no more charac- 
ters in the receiver. 


Transmit 
operation 
in mode "1": 
When ST16C650 is in FIFO mode (FCR bit-0=1, FCR 
bit-3=1 ) the TXRDY* pin will become high (inactive) 
when the transmit FIFO is completely full. Itwill be low 
if one or more FIFO locations are empty. 


Receive operation 
in mode "1": 
When ST16C650 is in FIFO mode (FCR bit-0=1, FCR 
bit-3=1 ) and the trigger level or the time-out has been 
reached, the RXRDY* pin will go low. Once it is 
activated it will go high (inactive) when there are no 
more characters in the FIFO. 


FCR BIT 4-5: 
These bits are used to set the trigger level for the 
transmit FIFO interrupt. The ST16C650 will issue a 
transmit empty interrupt when numberof characters in 
FIFO drops below the selected trigger level. 
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BIT-5 
BIT-4 
FIFO trigger 
level 


0 
0 
16 
0 
1 
8 


1 
0 
24 
1 
1 
30 


FCR BIT 6-7: 
These bits are used to set the trigger level for the 
receiver FIFO interrupt. 


BIT-7 
BIT-6 
FIFO trigger 
level 


0 
0 
8 
0 
1 
16 


1 
0 
24 


1 
1 
28 


The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 


LCR Bln-o: 
These two bits specify the word length to be transmit- 
ted or received. 


BIT-1 
BIT-O 
Word length 


0 
0 
5 
0 
1 
6 


1 
0 
7 


1 
1 
8 


LCR BIT-2: 
The number of stop bits can be specified by this bit. 


. 


BIT-2 
Word length 
Stop bit(s) 


0 
5,6,7,8 
1 
1 
5 
1-1/2 
1 
6,7,8 
2 


LCR BIT-3: 
Parity or no parity can be selected via this bit. 
0= no parity 
1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 


LCR BIT-4: 
If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 
0= ODD parity isgenerated by forcing an odd number 
of 1's in the transmitted data, receiver also checks for 
same format. 
1= EVEN parity bit isgenerated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 


LCR BIT-5: 
If the parity bit is enabled, LCR 
BIT-5 selects the 
forced parity format. 
LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1, parity bit is forced to 
"0" in the transmitted and received data. 


LCR BIT-6: 
Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
0= normal operating condition. 
1= forces the transmitter output (TX) to go low to alert 
the communication terminal. 


LCR BIT-7: 
The internal baud rate counter latch and Enhance 
Feature mode enable (DLAB). 
0= normal operation. 
1= Divisor latch and Enhanced Feature register en- 
able. 
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This register controls the interface with the MODEM 
or a peripheral device (RS232). 


MCR BIT-O: 
0= force DTR* output to high. 
1= force DTR* output to low. 


MCR BIT-1: 
0= force RTS* output to high. 
1= force RTS* output to low. 
RTS* is used as hardware flow control signal when 
enabled via EFR bit-6. RTS* goes high when FIFO is 
reached to the selected trigger level and goes low as 
soon as content ofthe receive holding register is below 
the trigger level. Content of this register changes with 
state of the hardware flow control. functiuons normally 
when hardware flow control is disabled. 


MCR BIT-2: 
0= set OP1* output to high. 
1= set OP1* output to low. 


MCR BIT-3: 
0= set OP2* output to high (STD mode). Forces INTx 
outputs to three state mode during PC mode selection. 
1= set OP2* output to low (STD mode). Sets the INTx 
outputs to active mode during PC mode selection 


MCR BIT-4: 
0= normal operating mode. 
1= enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX), CTS*, DSR*, CD*, and RI* are 
disabled. Internally the transmitter 
output is con- 
nected to the receiver input and DTR*, RTS*, OP1* 
and OP2* are connected to modem control inputs. 
In this mode, the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
nowthe lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER. 


MCR BIT-5: 
0= Active or three state interrupt output. 
1= Open source interrupt output. Required external 


resistor from this pin to ground. This mode is provided 
for share interrupts. 


MCR BIT-6: 
0= Standard UART receive andtransmit input! output. 
1= Infrared receive and transmit input / output. 


MCR BIT-7: 
0= Normal or divide by one clock input. Standard 


;;~~~~:~~~~~;:~~s 
~~~bce~~~~~e~~~~n this bit is II 


1= Divide by four clock input. Standard ST16C550 
baud rates can be selected when this bit is set to "1" 
and 7.372 MHz crystal is used. 


This register provides the status of data transfer to 
CPU. 


LSR BIT-O: 
0= no data in receive holding register or FIFO. 
1= data has been received and saved in the receive 
holding register or FIFO. 


LSR BIT-1: 
0= no overrun error (normal). 
1= overrun error, next character arrived before re- 
ceive holding register was emptied or if FIFOs are 
enabled, an overrun error will occur only after the 
FIFO is full and the next character has been com- 
pletely received in the shift register. Note that charac- 
ter in the shift register is overwritten, but it is not 
transferred to the FIFO. 


LSR BIT-2: 
0= no parity error (normal). 
1= parity error, received data does not have correct 
parity information. 
In the FIFO mode this error is 
associated with the character at the top of the FIFO. 


LSR BIT-3: 
0= no framing error (normal). 
1= framing error received, received data did not have 
a valid stop bit. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 
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LSR BIT-4: 
0= no break condition (normal). 
1= receiver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character is loaded into the FIFO. 


LSR BIT-5: 
It indicates that the ST16C650 is ready to accept a new 
character for transmission. In addition, it causes the 
ST16C650 to issue an interrupt to the CPU when the 
transmit holding register empty interrupt enable isset. 


0= transmit holding register is not empty. 
1= transmit holding register (or FIFO) is empty. CPU 
can load the next characters. When this bit isset, CPU 
can load upto 32 bytes of data to the ST16C650. 


LSR BIT-6: 
0= transmitter holding and shift registers are full. 
1= transmitter holding and shift registers are empty. 
In FIFO mode this bit is set to one whenever the 
transmitter FIFO and transmit shift register are empty. 


LSR BIT-7: 
0= normal. 
1= at least one parity error, framing error or break 
indication in the FIFO. This bit is cleared when LSR is 
read. 


This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 


MSR BIT-O: 
Indicates that the CTS* input to the ST16C650 has 
changed state since the last time it was read. 


MSR BIT-1: 
Indicates that the DSR* input to the ST16C650 has 
changed state since the last time it was read. 


MSR BIT-2: 
Indicates that the RI* input to the ST16C650 has 
changed from a low to a high state. 


MSR BIT-3: 
Indicates that 
the CD* input to the ST16C650 has 
changed state since the last time it was read. 


MSR BIT-4: 
This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 
CTS* functions as hardware flow control signal input 
if it is enabled via EFR bit-7. Transmit holding register 
is gated with this input to start/stop the transmission. 
A high at this pin will stop the transmission as soon as 
complete character is transmitted. 


MSR BIT-S: 
This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 


MSR BIT-6: 
This bit is equivalent to OP1 in the MCR during local 
loop-back mode. It is the compliment of the RI* input. 


MSR BIT-7: 
This bit is equivalent to OP2 in the MCR during local 
loop-back mode. It isthe compliment to the CD* input. 


Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 


ST16C650 provides atemporary data registerto store 
8 bits of information for variable use. 


Enhanced Features can be Enable/Disabled via this 
register. 
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EFR BIT 0-3: 
Combinations of software flow control can be se- 
lected by programming this bits. 


, 


Cont-3 
Cont-2 
ConM 
Cont-O 
TX,Rxsaftwareflow 
controls 


0 
0 
X 
X 
No transmit flow control 


1 
0 
X 
X 
Transmit Xon1, Xoff1 
0 
1 
X 
X 
Transmit Xon2, Xoff2 


, 


1 
1 
X 
X 
Transmit Xon1 and Xon2 : Xoff1, Xoff2 
X 
X 
0 
0 
No receive flow control 
X 
X 
1 
0 
Receiver compares Xon1, Xoff1 
X 
X 
0 
1 
Receiver compares Xon2, Xoff2 
1 
0 
1 
1 
Transmit Xon1, Xoff1. 
Receiver compares Xon1 or Xon2, 
Xoff1 or Xoff2 
0 
1 
1 
1 
Transmit Xon2, Xoff2 
Receiver compares Xon1 or Xon2, 
Xoff1 or Xoff2 
1 
1 
1 
1 
Transmi Xon1 and Xon2 : Xoff1 and Xoff2 
Receiver compares Xon1 and Xon2 : Xoff1 and Xoff2 
0 
0 
1 
1 
No transmit flow control 
Receiver compares Xon1 and Xon2 : Xoff1 and Xoff2 


EFR BIT-4: 
Enhanced interrupt control bit. 
0= disables the IER bits4-7 and ISR bits4-S. Standard 
ST16CSSOmode. 
1= enables the enhanced interrupt functions. 


and ISR Bit-4 will beset to indicate detection of special 
character. 


EFR BIT-6: 
RTS* flow control. 
o = Normal. RTS* flow control is disabled. Standard 
ST16CSSOmode. 
1 = RTS pin goes high when receive FIFO's are reach 
to the programmed trigger level. 


EFR BIT-5: 
0= Normal. 
1= Special character detect. ST16C6S0 compares the 
incoming receive data with Xoff-2 data. Up on correct 
matCh, the received data will be transferred to FIFO 


I·••••·•.••• ··•••··••··•··••••••••• 


ST16C650 


EFR Bit-7: 
CTS* flow control. 
o = Normal. 
CTS* 
flow 
control 
mode 
is disabled. 


Standard 
ST16C550 
mode. 


1 = Transmission 
is resumed 
when low input signal is 
detected 
on the CTS* pin. 


TX 
OP1* 
OP2* 
RTS* 
DTR* 
RXRDY* 


High 
High 
High 
High 
High 
High 
(STD 
mode),! 
Three 
state 
(PC mode) 
High (STD 
mode) I Three 
state 
(PC mode) 
Low (STD 
mode) I Three 
state 
(PC mode) 
IER 
ISR 
LCR 
MCR 
LSR 


IER BITS 0-7=0 
ISR BIT-0=1, 
ISR BITS 1-7=0 
LCR BITS 0-7=0 
MCR BITS 0-7=0 
LSR BITS 0-4=0, 
LSR BITS 5-6=1 
LSR, BIT 7=0 
MSR BITS 0-3=0, 
MSR BITS 4-7= input signals 
FCR BITS 0-7=0 
FER BITS 0-7=0 
FCR 
FER 
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Symbol 
Parameter 
limits 
Units 
Conditions 
Min 
Typ 
Max. 


T, 
Clock 
high pulse duration 
50 
ns 
T2 
Clock 
low pulse duration 
50 
ns 
External 
clock 
T3 
Clock 
rise/fall 
time 
10 
ns 
T4 
Baud out rise/fall 
time 
100 
ns 
100 pF load 
T5 
Address 
strobe width 
30 
ns 
T6 
Address 
setup time 
30 
ns 
T7 
Address 
hold time 
5 
ns 
T8 
Chip select 
setup time 
5 
ns 


T. 
Chip select 
hold time 
0 
ns 
Tl1 
lOR· 
to DDIS· 
delay 
25 
ns 
100 pF load 


T'2 
Data setup time 
15 
ns 
Note: 1 


T'3 
Data hold time 
15 
ns 
Note: 1 


T'4 
lOW· 
delay from 
chip select 
10 
ns 
Note: 1 


T'5 
lOW· 
strobe width 
50 
ns 


T'6 
Chip select 
hold time from 
lOW· 
0 
ns 
Note: 1 
T17 
Write 
cycle delay 
55 
ns 
Tw 
Write 
cycle=T'5+ T17 
105 
ns 


T,. 
Data hold time 
15 
25 
ns 
T2, 
lOR· 
delay from 
chip select 
10 
ns 
Note: 1 
T23 
lOW 
strobe width 
65 
ns 
T24 
Chip select 
hold time from 
lOR· 
0 
ns 
Note: 1 
T25 
Read cycle delay 
55 
ns 
Tr 
Read cycle=T23+T25 
115 
ns 
T26 
Delay from 
lOW 
to data 
35 
ns 
100 pF load 
T28 
Delay from 
lOW· 
to output 
50 
ns 
100 pF load 
T29 
Delay to set interrupt 
from 
MODEM 
70 
ns 
100 pF load 


TJO 
Delay to reset interrupt 
from 
lOR· 
70 
ns 
100 pF load 
input 
T3, 
Delay from stop to set interrupt 
1Rei< 
100 pF load 
T32 
Delay from 
lOR· 
to reset interrupt 
200 
ns 
100 pF load 
T33 
Delay from 
initial 
INT reset to transmit 
8 
24 
. 


start 
T34 
Delay 
from stop to interrupt 
100 
ns 
T35 
Delay 
from 
lOW· 
to reset interrupt 
175 
ns 
T44 
Delay from 
stop to set RxRdy 
1ReLK 


T45 
Delay from 
lOR· 
to reset RxRdy 
1 
J.!s 
T46 
Delay from 
lOW· 
to set TxRdy 
195 
ns 
T47 
Delay from 
start to reset TxRdy 
8 
. 


Applicable 
only when AS· 
is tied low 
• = Baud-out· 
cycle 


I······~.·.·.I..····.·····.· 
...·····..····. 
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Supply 
range 
Voltage 
at any pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


7 Volts 
GND-0.3 
V 
to 
VCC+0.3 
V 
O· C to 
+70· 
C 
_40· C to +150· 
C 
500 mW 


V'LCK 
Clock 
input low level 
-0.5 
0.6 
V 


V,HCK 
Clock 
input high level 
3.0 
VCC 
V 


V'L 
Input low level 
-0.5 
0.8 
V 


V'H 
Input high level 
2.2 
VCC 
V 


VOL 
Output 
low level on all outputs 
0.4 
V 
IOL=8 mA 


VOH 
Output 
high level 
2.4 
V 
IOH=-8 mA 


Icc 
Avg power supply 
current 
1.2 
mA 


VOP 
Operating 
voltage 
2.7 
5.50 
V 


'SLP 
Avg sleep mode current 
750 
l-lA 


I'L 
Input leakage 
±10 
~LA 


ICL 
Clock 
leakage 
±10 
~LA 
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T3 


-.;~ 


; 
i 
EXTERNAL 
CLOCK 


~~ 


T3 


T4 


-.; 


; 
! 


BAUDOUT* 
; 


1/2 BAUDOUT* 
\ 
/ 
\ 
/ 
\ 
/ 
\ 
/ 


1/3 BAUDOUT* 
\ 
/ 
\ 
/ 
L 


1/3> BAUDOUT* 
\ 
/ 
\ 
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CS2" 
CS1-CSO 


lOR" 
lOR 


T5 
I" 
~I 
'---J~-~\~ 
_ 


T6 -I"--~I.• 
~: 
T7 
.=====~~--- 
i~T8~1 
~ 
~~T9 
~_:/ 
uunuuuuuunuuuuuununnnn_.u 


T21 ~ 
T23 
T25 


, 
-1 
•• 
----------- 


no 
-.j ~: 
_!--~\~~/ 


~ 
T11 
T11.i I. 
-~I \__1/--\ __/ 


; 
; 


_':'_: 
"".1..., .._ . IUj 
'19 
. 
_ 
~. 
_uuuuununu. 
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CS2" 
CS1-CSO 


lOW" 
lOW 


T5 
I· 
.1 


~ 
{~-~\ 
"----11 
~.-------------- 


T14 
~ 
T15 
T17 


. 
I-.-...-..._---------------------------------.~------ 


T10 
~ 
~ 
_!~-~\~/ 


,- .......•............ 
-.•••.•...•...... 
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lOW" 
lOW 


RTS" 
DTR" 


CD 
CTS 
DSR 


lOR" 
lOR 


uu UUUUuuuuUUUUUUHUUUUUHUHHUX~U.... 
_ 


\__ / 


T29 
~ 
____ 
I 
Ll 


- 
1 
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START BIT 
~ 
DATA BITS (5-8) 
STOP BIT 
-I"~--------------~~-I 
~ 


I 
I 
: 
PARITY BIT! 
I 
I 
I 
I~: 
-.i i+ T31 


______ 
-+---'1 
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RXINPUT 
(First byte) 


START BIT 
~ 
DATA BITS (5-8) 
STOP BIT 
-I"~--------------.I 
~ 
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START BIT 
~ 
DATA BITS (5-8) 


I'" 


RXINPUT 


5 DATA BITS 


I'" 
~I 


6 DATA BITS 


I'" 
~I 


7 DATA BITS 


STOP BIT 
~---------------~I 
~ 


, First byte that reaches 
. the trigger level 
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START BIT 
~ 


I" 


STOP BIT 
~ 


_____ +1~.-~-T-3-3------------~-~---! 
\F 
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START 
BIT 
~ 
DATA 
BITS 
(5-8) 
STOP 
BIT 


I•.•••--------------~ 
•••I 
~ 


lOW· U 


~ 


. 
\ 
. 


\ 
BYTE 
#1 
/ 


..\ 
: // 


~ 
~ 
T47 
·v 
------~-----~/ 


•••·•·••··1.••······· 
••··••· 
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START BIT 
~ 
DATA BITS (5-8) 
STOP BIT 
-I"~---------------~I 
~ 


lOW· U 


00-07 
~ 


T46 
-.I 
~ 
T47 


____ 
!•• 
/FIFO 
FULL\ 
_ 
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1I. 


1 
I 
: 15:_.0----- 
Data Bits 


1 
U5 
I 


1 


1 


1 


1 


1 
I 
I 
I 
Ul: 
n~ _ 


1 
1 


1 
I 
I~BitTime 
I 
I 


1 


~I 
I 
I 
----~~-: 
g- : 


I 
U5 
1 


1 
I 


! n 
_ 


I 
, 


~ 
~ 
1/2BitTime 
3/16 Bit Time ---~!~ 


Jl~~n_ 


1 
I 


~BitTime 


1 
1 


1 
1 
__ 
~_::'-0-1 
16x clock 


1 
delay 


~: -.~--- 
Data Bits 


I 
C/) 
1 


I••• 
I.••• 
I 


------~: 
g- 
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~STARTECH 
ST16C452AT 
ST16C452PS 


DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH PARALLEL 
PRINTER PORT 


rDESCRIPTION 
, .. 
The ST16C452 is a dual universal asynchronous 
receiver 
and transmitter 
with 
a 
bi-directional 
CENTRONICS type parallel printer port. A program- 
mable baud rate generator is provided to select trans- 
mit and receive clock rates from 50Hz to 448kHz. 
STARTECH ST16C452PS provides additional fea- 
tures to control the printer port direction without any 
additional external logic. 
The ST16C452 
is an improved 
version 
of the 


VL16C452 UART with higher operating speed and 
lower access time. The ST16C452 on board status 
registers 
provides the error 
conditions, type and 


status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C452 
provides internal loop-back capability for on board 
diagnostic testing. 
The ST16C452 is fabricated in an advanced 1.2j.l. 
CMOS process to achieve low drain power and high 
speed requirements. 


r FEATURES 
, 
. 
.., 
,"' 


• Pin to pin and functional compatible to VL16C452, 
WD16C452 


• Fully compatible with all new bi-directional PS/2 


printer port registers. 


• Modem control signals (CTS*, RTS*, DSR*, DTR*, 


RI*, CD*) 


• Programmable character lengths (5, 6, 7, 8) 
• Even, odd, or no parity bitgeneration and detection 
• Independent transmit and receive control 
• Software compatible with INS8250, NS16C450 
.448 
kHz transmit/receive 
operation with 7.372 


MHz crystal or external clock source. 


• Bi-directional hardware/software parallel port 
• Bi-directional I/O ports 


r ORDERING 
INFORMATION 
, 
.. 
.. " 
. 


Part number 
ST16C452CJ68 
ST16C4521J68 


Package 
PLCC 
PLCC 


Operating 
temperature 
O· C to + 70· C 
_40· C to + 85· C 


I·.·.·.·······.·.····.···.············ 


STROBE*, INIT 
AUTOFDXT* 
SELCTlN 


ACK*,BUSY, PE 


SELECT, ERROR 
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'Ir 
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Q() 
I INTERRUPT 
CONTROL 
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;Or 
LOGIC 
LOGIC 
BUS 
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e() 
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"0 
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r;:: 
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O() 
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GENERATOR 
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CTS*, DSR* 
CD*,Rl* 
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ST16C452PS 


Symbol 
Pin 
SignaLl"ype 
Pin Description 


> 


00-07 
14-21 
I/O 
Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


AO-A2 
35-33 
I 
Address select lines. To select internal registers. 


ClK 
4 
I 
Clock input. An external clock can be used to clock internal 
circuit and baud rate generator for custom transmission 
rates. 


BIDEN 
1 
I 
Printer direction select. A high puts the parallel port in the 
input mode for ST16C452AT and software controlled mode 
(input/output) to ST16C452PS. Allow sets the ST16C452 to 
output mode. 


10W* 
36 
I 
Write strobe (active low). A Iowan this pin will transfer the 
contents of the CPU data bus to the addressed register. 


10R* 
37 
I 
Read strobe (active low). A low level on this pin transfers 
the contents of the ST16C452 data bus to the CPU. 


RDOUT 
44 
0 
Read select out (active high). This pin goes high when the 
CPU is reading data from the ST16C452 to en/disable the 
external transceiver or logic's. 


RESET* 
39 
I 
Master reset. (active low) A low on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CS A1B* 
32,3 
I 
Chip select A1B (active low). A low at this pin enables the 
serial port-A1B/ CPU data transfer operation. 


DSR A1B* 
31,5 
I 
Data set ready A1B(active low). A low on this pin indicates 
the MODEM is ready to exchange data with UART. Thispin 
does not have any effect on the transmit or receive opera- 
tion. 


RI AlB* 
30,6 
I 
Ring detect indicator A1B (active low). A low on this pin 
indicates the modem has received a ringing signal from 


I·.·.······.·..·····.·······.·.······ 


ST16C452AT 
ST16C452PS 


Symbol 
Pin 
Signal Type 
Pin Description 


< 
< 


telephone line. 


CD AlB* 
29,8 
I 
Carrier detect AlB (active low). A low on this pin indicates 
the carrier has been detected by the modem. 


TXAlB 
26,10 
0 
Serial data output AlB. The serial data is transmitted via 
this pin with additional start, stop and parity bits. The TXwill 
be held in mark. (high) state during reset, local loopback. 
mode or when the transmitter is disabled. 


DTR AlB* 
25,11 
0 
Data terminal ready A/B (active low). 
To indicate that 
ST16C452 is ready to receive data. 
This pin can be 
controlled via the modem control register (MCR bit-O). 
Writing a"1" atthe MCR bit-Owill setthe DTR*outputto low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset. Note that this pin does not have 
any effect on the transmit or receive operation. 


RTS AlB* 
24,12 
0 
Request to send AlB (active low). To indicate that the 
transmitter has data ready to send. Writing a 
"1" in the 
modem control register (MCR bit-1 ) will set this pin to a low 
state. After the reset this pin will be set to high. Note that 
this pin does not have any effect on the transmit or receive 
operation. 


RXAlB 
41,62 
'1 
Serial data input AlB. The serial information (data) received 
from serial port to ST16C452 receive input circuit. A mark. 
(high) is logic one and a space (low) is logic zero. During the 
localloopback. mode the RX input is disabled from external 
connection and connected to the TX output internally. 


CTS AlB* 
28,13 
I 
Clear to send AlB (active low). The CTS* signal is a 
MODEM control function input whose conditions can be 
tested by reading the MSR BIT-4. CTS* has no effect on the 
transmit or receive operation. 


INT AlB 
45,60 
0 
Interrupt output AlB (three state active high) This pin goes 
high (when enabled by the interrupt enable register) when- 
ever a receiver error, receiver data available, transmitter 
empty, or modem status condition flag is detected. 


ST16C452Al: 
ST16C452PS 


Symbol 
Pin 
Signal Type 
Pin Description 


CSP* 
38 
I 
Parallel printer port chip select (active low). A low at this pin 
enables the parallel port I CPU data transfer operation. 


PD7-POQ 
46-53 
1/0 
Bi-directional parallel ports (three state). To transfer data in 
or out of the ST16C452 parallel port. P07 -P~Q are latched 
during output mode. 


STROBE* 
55* 
1/0 
General purpose 
I/O or data strobe output (open drain 
active low). This output indicates to the printer that valid 
data is available at the printer port (POQ-P07). 


AUTOFOXT* 
56* 
1/0 
General purpose 1/0 or automatic line feed (open drain 
active low). When this signal is low the printer should 
automatically line feed after each line is printed. 


INIT 
57* 
1/0 
General purpose 1/0 or initialize line printer (open drain 
active low). When this signal is low it causes the printer to 
be initializes. 


SLCTIN* 
58* 
1/0 
General purpose 1/0 or line printer select (open drain active 
low). When this signal is low it selects the printer. 


ERROR* 
63* 
I 
General purpose input or line printer error (active low) This 
is an output from the printer to indicate an error by holding 
it low during error condition. 


SLCT 
65* 
I 
General purpose input or line printer selected (active high). 
This is an output from the printer to indicate that the line 
printer has been selected. 


BUSY 
66* 
I 
General purpose input or line printer busy (active high). An 
output from the printer to indicate printer is not ready to 
accept data. 


PE 
67* 
I 
General purpose input or line printer paper empty (active 
high). An output from the printer to indicate out of paper. 


ACK* 
68* 
I 
General purpose input or line printer acknowledge (active 
low). This input is pulsed low by the printer to indicate that 
data has been accepted successfully. 


I•••••••·• 
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Symbol 
Pin 
Signal Type 
Pin Description 


INTP* 
59 
0 
Printer interrupt output (active low). To signal the state of 
the printer port. This pin tracks the ACK* input pin, When 
ACK* is.low INTP is low and when ACK* is high INTP is high 


INTSEL* 
43 
I 
Interrupt select mode. The external ACK* can be selected 
as an interrupt source by connecting this pin to the GND. 
Connecting this pin to VCC will set the interrupt to latched 
mode, reading the status register of the printer section 
resets the INTP output. 


GND 
2,7,22 
0 
Signal and power ground. All ground pins are connected 
internally. 
42,54,61 


VCC 
23,40,64 
I 
Powersupply input. All power pins are connected internally. 


A2 
A1 
AO 
READ MODE 
WRITE MODE 


••••••• 


0 
0 
0 
Receive Holding Register 
Transmit t-:toldingRegister 


0 
0 
1 
Interrupt Enable Register 


0 
1 
0 
Interrupt Status Register 


0 
1 
1 
Line Control Register 


1 
0 
0 
Modem Control Register 


1 
0 
1 
Line Status Register 


1 
1 
0 
Modem Status Register 


1 
1 
1 
Scratchpad Register 
Scratch pad Register 
0 
0 
0 
LSB of Divisor Latch 


0 
0 
1 
MSB of Divisor Latch 
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.- ......... 
".' 
'." 
. ;..~ 


0 
0 
0 
RHR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
THR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
1 
IER 
0 
0 
0 
0 
modem 
receive 
transmit 
receive 
status 
line 
holding 
holding 
interrupt 
status 
register 
register 
interrupt 


0 
1 
0 
ISR 
0 
0 
0 
0 
0 
INT 
INT 
INT 
priority 
priority 
status 
bit-1 
bit-O 


0 
1 
1 
LCR 
divisor 
set 
set 
even 
parity 
stop 
word 
word 
latch 
break 
parity 
parity 
enable 
bits 
length 
length 
enable 
bit-1 
bit-O 


1 
0 
0 
MCR 
0 
0 
0 
loop 
INT 
Not 
RTS* 
OTR* 
back 
enable 
used 


1 
0 
1 
LSR 
0 
trans. 
trans. 
break 
framing 
parity 
overrun 
receive 
empty 
holding 
interrupt 
error 
error 
error 
data 
empty 
ready 


1 
1 
0 
MSR 
CO 
RI 
OSR 
CTS 
delta 
delta 
delta 
delta 
CO* 
RI* 
OSR* 
CTS* 


1 
1 
1 
SPR 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
DLL 
bit·7 
bit·6 
bit·5 
bit·4 
bit·3 
bit-2 
bit-1 
bit-O 


0 
0 
1 
DLM 
bit-15 
bit· 14 
bit·13 
bit· 12 
bit·11 
bit-10 
bit·9 
bit·8 
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The serial transmitter section consists of a Transmit 
Hold Register (THR) and 
Transmit Shift Register 


(TSR). The status of the transmit hold register 
is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-DO) to the Transmit holding register when- 
ever the transmitter 
holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that 
a write operation should be per- 


formed when the transmit holding register empty flag 
is set. 
On the falling edge ofthe start bit,the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiverstatus codes will 
be posted in the Line Status Register. 


The ST16C452 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-8 MHz and dividing it by any divisor from 1 
to 2'6 -1. The output 
frequency of the Baudout* is 


equal to 16X of transmission baud rate (Baudout*=16 
x Baud Rate). 
Customize 
Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 


The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 


IER BIT-Q: 
O=disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 


IER BIT-1: 
O=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 


IER BIT-2: 
O=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 


IER BIT-3: 
O=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 


IER BIT 7-4: 
All these bits are set to logic zero. 


The ST16C452 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Interrupt Status Regis- 
ter (ISR) provides the source of the interrupt in priori- 
tized matter. During the read cycle the ST16C452 
provides the highest interrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized interrupt levels: 


P 
02. 01 
00 
Source of the interrupt 


1 
1 
1 
0 
LSR 
(Receiver Line Status 
Register) 
2 
1 
0 
0 
RXRDY 
(Received 
Data 


Ready) 
3 
0 
1 
0 
TXRDY( Transmitter Holding 
Register Empty) 
4 
0 
0 
0 
MSR (Modem Status Regis- 
ter) 


ISR BIT-O: 
O=aninterrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 
1=no interrupt pending. 


ISR BIT 1-2: 
Logical combination of these bits, provides the high- 
est priority interrupt pending. 


ISR BIT 3-7: 
These bits are not used and are set to "0". 


The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 


LCR BIT1-O: 
These two bits specify the word length to be transmit- 
ted or received. 


BIT-1 
BIT-O 
Word length 


, 


a 
a 
5 


a 
1 
6 


1 
a 
7 


1 
1 
8 


LCR BIT-2: 
The number of stop bits can be specified by this bit. 


BIT-2 
Word length 
Stopbit(s) 


,.', 


a 
5,6,7,8 
1 


1 
5 
1-1/2 


1 
6,7,8 
2 
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LCR BIT-3: 
Parity or no parity can be selected via this bit. 
O=no parity 
1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 


LCR BIT-4: 
If the parity bit is enabled, LCR BIT-4 selects the even 


~~~~t;~i~i~:~;~:~~rated 
by forcing an odd number II 
of 1's in the transmitted data, receiver also checks for 
same format. 
1";EVEN parity bit isgenerated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 


LCR BIT-S: 
If the parity bit is enabled, LCR 
BIT-S selects the 


forced parity format. 
LCR BIT-S=1 and LCR BIT-4=O, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-S=1 and LCR BIT-4=1, parity bit is forced to 
"0" in the transmitted and received data. 


LCR BIT-6: 
Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
O=normal operating condition. 
1=forces the transmitter output (TX) to go low to alert 
the communication terminal. 


LCR BIT-7: 
The internal baud rate counter latch enable (DLEN). 
O=normal operation. 
1=select divisor latch register. 


This register controls the interface with the MODEM 
or a peripheral device (RS232). 


MCR BIT-O: 
O=force DTR* output to high. 
1=force DTR* output to low. 
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MCR BIT-1: 
O=force RTS· output to high. 
1=force RTS· output to low. 


MCR BIT-2: 
This bit is used for internal loop-back mode, and is not 
used for regular operation. 


MCR BIT-3: 
0= sets the INT output pin to three state mode. 
1= enables the INT output pin. 


MCR BIT-4: 
O=normal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX), CTS*, DSR*, CD*, and RI* are 
disabled. Internally the transmitter 
output is con· 
nected to the receiver input and DTR*, RTS*, MCR 
bit-2,3are connected to modem control inputs. 
In this mode, the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
nowthe lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER. 


MCR BIT 5-7: 
Not used. Are set to zero permanently. 


This register provides the status of data transfer to 
CPU. 


LSR BIT-o: 
O=nodata in receive holding register 
1=data has been received and saved in the receive 
holding register. 


LSR BIT-1: 
O=nooverrun error (normal). 
1=overrun error, next character arrived before receive 
holding register was emptied. 


LSR BIT-2: 
O=no parity error (normal). 
1=parity error, received data does not have correct 
parity information. 


LSR BIT-3: 
O=noframing error (normal). 
1=framing error received, received data did not have 
a valid stop bit. In 


LSR BIT-4: 
O=no break condition (normal). 
1=receiver received a break signal (RX was low for 
one character time frame). 


LSR BIT-5: 
O=transmit holding register is full. ST16C452 will not 
accept any data for transmission. 
1=transmit holding register is empty. CPU can load 
the next character. 


LSR BIT-6: 
O=transmitter holding and shift registers are full. 
1=transmitter holding and shift registers are empty. 


LSR BIT-7: 
Not used. Set to "0". 


This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 


MSR BIT-O: 
Indicates that the CTS* input to the ST16C452 has 
changed state since the last time it was read. 


MSR BIT-1: 
Indicates that the DSR* input to the ST16C452 has 
changed state since the last time it was read. 


MSR BIT-2: 
Indicates 
that 
the 
RI* 
input 
to the 
ST16C452 
has 


changed 
from 
a low to a high state. 


MSR BIT-3: 
Indicates 
that 
the CO* input to the ST16C452 
has 


changed 
state since the last time 
it was read. 


MSR BIT-4: 
This bit is equivalent 
to RTS in the MCR during 
local 


loop-back 
mode. 
It is the 
compliment 
of the 
CTS* 


input. 


MSR BIT-5: 
This bit is equivalent 
to OTR 
in the MCR during 
local 


loop-back 
mode. 
It is the 
compliment 
of the 
OSR* 
input. 


MSR BIT-6: 
This bit is equivalent 
to MCR bit-2 during 
local loop- 


back mode. 
It is the compliment 
of the RI* input. 


MSR BIT-7: 
This bit is equivalent 
to MCR bit-3 during 
local loop- 


back mode. 
It is the compliment 
to the CO* input. 


Note: 
Whenever 
MSR 
BIT3-0: 
is set to logic 
"1", a 


MOOEM 
Status 
Interrupt 
is generated. 


ST16C452 
provides 
a temporary 
data registerto 
store 


8 bits 
of information 
for variable 
use. 


SIG NAL 
» 
.,"/ ~~~~-r~tAtE 


"",. 
." ..;.. 
,".- ../ 


TX 
High 


RTS* 
High 


OTR* 
High 


INT 
Three 
state mode 
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BAUD 
RATE 
GENERATOR 
PROGRAMMING 


TABLE 
(1.8432 
MHz CLOCK): 


50 
75 
110 
134.5 
150 
300 
600 
1200 
2400 
3600 
4800 
7200 
9600 
19.2K 
38.4K 
56K 
115.2K 


. 
.. 
. 16 XCLOCK 
"'OIVISc;>R 
.) 


2304 
1536 
1047 
857 
768 
384 
192 
96 
48 
32 
24 
16 
12 
6 
3 
2 
1 


0.026 
0.058 


IER 
ISR 
LCR 
MCR 
LSR 


BITS 0-7=0 
BIT-0=1, 
ISR BITS 
1-7=0 


BITS 0-7=0 
BITS 0-7=0 
BITS 0-4=0, 
LSR BITS 5-6=1 
LSR, BIT 7=0 


BITS 0-3=0, 
MSR BITS 4-7=input 
signals 
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... ;x 
' , 
1 


A1 
AO 
lOW" 
lOR" 
.,. 


0 
0 
PORT REGISTER 
PORT REGISTER 
0 
1 
I/O SELECT REGISTER 
STATUS REGISTER" 
1 
0 
CONTROL REGISTER 
COMMAND REGISTER 


ST16C452XX 
CONTROL REGISTER (05) 
BIDEN 
1/0 SELECT REGISTER 
~qRT DIRECTION ..... 


ST16C452AT 
X 
0 
X 
Output mode 
ST16C452PS 
X 
0 
AA Hex 
Input mode 
ST16C452PS 
X 
. 
0 
55 Hex 
Output mode 
ST16C452AT 
X 
1 
X 
Input mode 
ST16C452PS 
0 
1 
X 
Output mode 
ST16C452PS 
1 
; 
1 
X 
Input mode 


Bi-directional printer port. 
Writing tothis registerduring output mode will transfer 
the contents of the data bus to the PD7-PDO ports. 
Reading this register during input mode will transfer 
the states of the PD7-PDO to the data bus. This 
register will be set to the output mode after reset. 


PR BIT 7-0: 
PD7-PDO bi-directionall/O 
ports. 


STATUS REGISTER 
This register provides the state of the printer outputs 
and the interrupt condition. 


SR BIT 1-0: 
Not used. Are set to "1" permanently. 


SR BIT-2: 
Interrupt condition. 
0= an interrupt is pending 
This bit will beset to "0" at the falling edge ofthe ACK* 
input. 
1= no interrupt is pending 
Reading the STATUS REGISTER will set this bit to 
"1". 


SR BIT-3: 
ERROR* input state. 
0= ERROR* input is in low state 
1= ERROR* input is in high state 


SR BIT-4: 
SLCT input state. 
0= SLCT input is in low state 
1= SLCT input is in high state 


SR BIT-5: 
PE input state. 
0= PE input is in low state 
1= PE input is in high state 


SR BIT-6: 
ACK* input state. 
0= ACK* input is in low state 
1= ACK* input is in high state 
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SR BIT-7: 
BUSY input state. 
0= BUSY input is in high state 
1= BUSY input is in low state 


COM BIT-O: 
STROBE* input pin. 
0= STROBE* pin is in high state 
1= STROBE* pin is in low state 


COM BIT-1: 
AUTOFDXT* input pin. 
0= AUTOFDXT* pin is in high state 
1= AUTOFDXT* pin is in low state 


COM BIT-2: 
INIT input pin. 
0= INIT pin is in low state 
1= INIT pin is in high state 


COM BIT-3: 
SLCTIN* input pin. 
0= SLCTIN* pin is in high state 
1= SLCTIN* pin is in low state 


COM BIT-4: 
Interrupt mask. 
0= Interrupt (INTP output) is disabled 
1= Interrupt (INTP output) is enabled 


COM BIT 7-5: 
Not used. Are set to "1" permanently. 


Writing 
to this register will set the state of the 
STROBE*, AUTOFDXT*, 
INIT, SLCTIN pins, and 
interrupt mask register. 
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CON BIT-Q: 
STROBE* output control bit. 
Q=STROBE* output is set to high state 
1= STROBE* output is set to low state 


CON BIT-2: 
INIT output control bit. 
Q= INIT output is set to low state 
1= INIT output is set to high state 


SIGNALS 


... 
RESET STATE 


PDQ-PD7 
low, output mode 
STROBE* 
High, output mode 
AUTOFDXT* 
High, output mode 
INIT 
Low, output mode 
SLCTIN* 
High, output mode 


CON BIT-1: 
AUTOFDXT* output control bit. 
Q=AUTOFDXT* output is set to high state 
1= AUTOFDXT* output is set to low state 


CON BIT-3: 
SLCTIN* output control bit. 
Q=SLCTIN* output is set to high state 
1= SLCTIN* output is set to low state 


CON BIT-4: 
Interrupt output control bit. 
Q= INTP output is disabled 
1= INTP output is enabled 


CON BIT-5: 
I/O select. Direction of the PD7-PDQcan be selected 
by setting or clearing this bit. 
Q=PD7-PDQ are set for output mode 
1= PD7-PDQ are set for input mode 


CON BIT 7-6: 
Not used. 


Software controlled I/O select. 
Bi-directional mode can be selected by keeping the 
BIDEN input in high state and setting CON BIT-5 to 
"zero or one" 
Hardware/software I/O select. 
Bi-directional mode can be selected by keeping the 
BIDEN input in low state and setting I/O SELECT 
register to "AA" Hex for input or "55" Hex for output. 1/ 
o select register and control register bit-5 are only 
available for ST16C452PS parts. 
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07 
06 
05 
04 
.03 
02 
01 
DO 


BUSY* 
ACK 
PE 
SLCT 
ERROR 
IRQ 
1 
1 


STATE 
-- 
1= No interrupt 
0= Interrupt 
(PS only) 


IRQ 
ENABLE 
AUTO- 
FDXT* 


0= IRQ 
disabled 
1= IRQ 
enabled 


07 
06 


" 
05 
.04..... 
, 
03 
02 
01 
·'·"00 
" 
, 


- 
- 
I/O 
IRQ 
SLCTIN* 
INIT 
AUTO- 
STROBE* 


SELECT 
MASK 
FDXT* 
--- ~--- 
O=Output 
(PS only) 
O=INTP output 
disabled 


1=lnput 
(PS only) 
1=INTP 
output 
X= AT only 
enabled 


~ 
I() 
"ito 
CD.•..t; 
AC ELECTRICAL 
CHARACTERISTICS 


1\./ ...· 


... 


~ymbol 
.param~t~r 
'.' 
... 


Limits 
Units 
Conditions 
Miij ...T~p <Max 


T, 
Clock high pulse duration 
50 
ns 


T2 
Clock low pulse duration 
50 
ns 
External clock 


T3 
Clock rise/fall time 
10 
ns 


T8 
Chip select setup time 
5 
ns 


T9 
Chip select hold time 
0 
ns 


Tll 
lOR· to DDIS· delay 
25 
ns 
100 pF load 


T'2 
Data set up time 
15 
ns 


T'3 
lOW· delay from chip select 
10 
ns 


T'4 
lOW· delay from chip select 
10 
ns 


T'5 
lOW· strobe width 
50 
ns 


T'6 
Chip select hold time from lOW· 
0 
ns 


T17 
Write cycle delay 
55 
ns 


Tw 
Write cycle=T,5+T17 
105 
ns 


T'9 
Data hold time 
15 
ns 


T2, 
lOR· delay from chip select 
10 
ns 


T23 
lOR· strobe width 
65 
ns 


T24 
Chip select hold time from lOR· 
0 
ns 


T25 
Read cycle delay 
55 
ns 


Tr 
Read cycle=T23+T25 
115 
ns 


T26 
Delay from lOR· to data 
35 
ns 
100 pF load 
T28 
Delay from lOW· to output 
50 
ns 
100 pF load 


T29 
Delay to set interrupt from MODEM 
70 
ns 
100 pF load 
input 


T30 
Delay to reset interrupt from lOR· 
70 
ns 
100 pF load 


T3, 
Delay from stop to set interrupt 
1elK 
ns 
100 pF load 


T32 
Delay from lOR· to reset interrupt 
200 
ns 
100 pF load 


T33 
Delay from initial INT reset to transmit 
8 
24 
. 
start 
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Delay from stop to interrupt 
Delay from IOW* to reset interrupt 
ACK* pulse width 
PD7-PDO setup time 
PD7-PDO hold time 
Delay from ACK* low to interrupt low 
Delay from IOR* to reset interrupt 
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Supply 
range 
Voltage 
at any pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


7 Volts 
GND-0.3 
V to 
VCC+0.3 
V 
O· C to 
+70· 
C 
·40· 
C to +150· 
C 
500 mW 


VILCK 
Clock 
input low level 
-0.5 
0.6 
V 


VIHCK 
Clock 
input high level 
3.0 
VCC 
V 


VIL 
Input low level 
-0.5 
0.8 
V 


VIH 
Input high level 
2.2 
VCC 
V 


VOL 
Output 
low level 
0.4 
V 
IOL=6.0 mA D7·DO 
IOL=20.0 mA PD7- 
PDO 
IOL=10 mA 
SLCTIN*, 
INIT*,STROBE*, 
AUTOFDXT* 
IOL=6.0 mA on all 
other outputs 
VOH 
Output 
high level 
2.4 
V 
IOH=-6.0 mA D7- 
DO 
'OH=-12.0 
mA 
PD7-PDO 
IOH=-0.2 mA 
SLCTIN*, 
INIT*,STROBE*, 
AUTOFDXT* 
IOH=-6.0 mA on all 
the outputs 


Ice 
Avg. 
power supply 
current 
12 
mA 


IlL 
Input leakage 
±10 
)lA 


ICL 
Clock 
leakage 
±10 
)lA 


RIN 
Internal 
pull-up 
resistance 
4 
15 
kn 
* Marked 
pins 
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: 
T8 


~ 


; 


-.J i- T9 


. ! 


121 !+--! 
123 
125 


-14-------------- 


i.--.i 
T11 


, 
iil 


-.i 
i+ T11 
; 
[\ 
\~- 


EXTERNAL 
~ 


CLOCK 
----J1 
\ 
1 


~~ 


T3 
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: 
T8 
, 
~ 
--.J i- T9 


; 
i 


i 


T14 ~ 
T15 
T17 
. 
-!~------------ 
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RTS* 
DTR* 


CD 
CTS 
DSR 


\, 
,; 


-Xi:~8uuuu 
uuuuuuuuuu...uun II 


.../_-------------- 


\_~I 


T29~ 
- 


___ 
~l 
L 


T30~ 
~ 


V 
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CD... 
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I 


5 DATA BITS 


I 
I 
PARI1YBIT 
: 
NEXT 
I 
I 
; 
DATA 
I~ 
~I 
I 


6 DATA BITS 
I 
I 
START BIT 
I 
I 


~' 
I 


I~ 
I 
I 


7 DATA BITS 
I 
I 
-+i i+- T31 
I 
I 


I 
I 
I 
I 


Y 
\ 


I 
I 


I 
I 
I 
I 
I 
I 
I 
I 
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UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER 
WITH FIFO 
AND PARALLEL PRINTER PORT 


r DESCRIPTION 
, 
. 
. 
. . 
. 


The ST16C552 is a dual universal asynchronous 
receiver and transmitter with 16 byte transmit and 
receive FIFO and a bi-directional CENTRONICS type 
parallel printer port. A programmable baud rate gen- 
erator is provided to select transmit and receive clock 
rates from 50Hz to 448kHz. 
The ST16C552 on board status registers provides the 
error 
conditions, type and status of the transfer 


operation being performed. 
Included is complete 


MODEM control capability, and a processor interrupt 
system that may be software tailored to the user's 
requirements. The ST16C552 provides internal loop- 
back capability for on board diagnostic testing. 
The ST16C552 is fabricated in an advanced 1.21! 
CMOS process to achieve low drain power and high 
speed requirements. 


r FEATURES 
, 
. 


• Pin to pin and functional compatible to VL16C552, 
WD16C552 
• 16 byte transmit FIFO 
.16 
byte receive FIFO with error flags 


• Modem control signals (CTS*, RTS*, DSR*, DTR*. 
RI*, CD*) 
• Programmable character lengths (5,6,7,8) 
• Even, odd, orno parity bit generation and detection 
• Status report register 
• Independent transmit and receive control 
• TTL compatible inputs, outputs 
• Software compatible with INS8250, NS16C550 
.448 
kHz transmiUreceive 
operation with 7.372 


MHz crystal or external clock source. 


• Bi-directional hardware/software parallel port 
• Bi-directional I/O ports 


r ORDERING 
INFORMATION 


i. 
-.-. 


Part number 
ST16C552CJ68 
ST16C5521J68 


Package 
PLCC 
PLCC 


Operating 
temperature 
O· C to + 70· C 
_40· C to + 85· C 
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Symbol 
Pin 


..... 
Signal Type 
Pin Description 
.. 


00-07 
14-21 
I/O 
Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


AO-A2 
35-33 
I 
Address select lines. To select internal registers. 


• 


ClK 
4 
I 
Clock input. An external clock can be used to clock internal 
circuit and baud rate generator for custom transmission 
rates. 


BIDEN 
1 
I 
Printer direction select. A high puts the parallel port in the 
input / output mode and low sets the ST16C552 to output 
mode. 


10W* 
36 
I 
Write strobe (active low). A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


10R* 
37 
I 
Read strobe (active low). A low level on this pin transfers 
the contents of the ST16C552 data bus to the CPU. 


RDOUT 
44 
0 
Read select out (active high). This pin goes high when the 
CPU is reading data from the ST16C552 to en/disable the 
external transceiver or logic's. 


RESET* 
39 
I 
Master reset. (active low) A low on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CS AlB* 
32,3 
I 
Chip select AlB (active low). A low at this pin enables the 
serial port-A/B / CPU data transfer operation. 


r 


DSR AlB* 
31,5 
I 
Data set ready AlB (active low). A low on this pin indicates 
the MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


RI AlB* 
30,6 
I 
Ring detect indicator A/B (active low). A low on this pin 
indicates the modem has received a ringing signal from 
telephone line. 


Symbol 
Pin 
Signal Type 
Pin Description 


CD AlB* 
29,8 
I 
Carrier detect AlB (active low). A low on this pin indicates 
the carrier has been detected by the modem. 


TXAlB 
26,10 
0 
Serial data output AlB. The serial data is transmitted via 
this pin with additional start, stop and parity bits. The TX will 
be held in mark (high) state during reset, local loopback 
mode or when the transmitter is disabled. 


DTRAlB* 
25,11 
0 
Data terminal ready AlB (active low). 
To indicate that 
ST16C552 is ready to receive data. 
This pin can be 
controlled via the modem control register (MCR bit-O). 
Writing a "1" atthe MCR bit-Owill set the DTR*outputto low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset. Note that this pin does not have 
any effect on the transmit or receive operation. 


RTS AlB* 
24,12 
0 
Request to send AlB (active low). To indicate that the 
transmitter has data ready to send. Writing a 
"1" in the 
modem control register (MCR bit-1 ) will set this pin to a low 
state. After the reset this pin will be set to high. Note that 
this pin does not have any effect on the transmit or receive 
operation. 


RXAlB 
41,62 
I 
Serial data input AlB. The serial information (data) received 
from serial port to ST16C552 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
localloopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


CTS AlB* 
28,13 
I 
Clear to send AlB (active low). The CTS* signal is a 
MODEM control function input whose conditions can be 
tested by reading the MSR BIT-4. CTS* has no effect on the 
transmit or receive operation. 


INT AlB 
45,60 
0 
Interrupt output AlB (three state active high) This pin goes 
high (when enabled by the interrupt enable register) when- 
ever a receiver error, receiver data avaJiable, transmitter 
empty, or modem status condition flag is detected. 


TXRDY AlB 
22,42 
0 
Transmit ready AlB (active high). This pin goes high when 
the transmit FIFO of the ST16C552 is full. It can be used as 
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Symbol 
i 
Pin' 
Signal type 


: 
'" 
,', 


Pin Description 


" 


a single or multi-transfer. 


RXRDY AlB* 
9,61 
0 
Receive ready AlB (active low). This pin goes low when the 
receive FIFO is full. It can be used as a single or multi- 
transfer. 


CSP* 
38 
I 
Parallel printer port chip select (active low). A low at this pin 
. 
enables the parallel port I CPU data transfer operation . 


P07-POQ 
46-53 
I/O 
Bi-directional parallel ports (three state). To transfer data in 
or out of the ST16C552 parallel port. P07-POQ are latched 
during output mode. 


STROBE* 
55* 
1/0 
General purpose 
1/0 or data strobe output (open drain 
active low). This output indicates to the printer that valid 
data is available at the printer port (POQ-P07). 


AUTOFOXT* 
56* 
1/0 
General purpose 1/0 or automatic line feed (open drain 
active low). When this signal is low the printer should 
automatically line feed after each line is printed. 


INIT 
57* 
1/0 
General purpose 1/0 or initialize line printer (open drain 
active low). When this signal is low, it causes the printer to 
be initialized. 


SLCTIN* 
58* 
1/0 
General purpose 1/0 or line printer select (open drain active 
low). When this signal is low, it selects the printer. 


ERROR* 
63* 
I 
General purpose input or line printer error (active low). This 
is an output from the printer to indicate an error by holding 
it low during error condition. 


SLCT 
65* 
I 
General purpose input or line printer selected (active high). 
This is an output from the printer to indicate that the line 
printer has been selected. 


BUSY 
66* 
I 
General purpose input or line printer busy (active high). An 
output from the printer to indicate printer is not ready to 
accept data. 


I;··.··.•...••• ·.·.····.··:··· 
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Symbol 
Pin 
Signal 
Type 
Pin Description 


PE 
67* 
I 
General 
purpose 
input or line printer 
paper 
empty 
(active 
high). An output from the printer 
to indicate 
out of paper. 


ACK* 
68* 
I 
General 
purpose 
input or line printer 
acknowledge 
(active 
low). This input is pulsed 
low by the printer 
to indicate 
that 
data has been accepted 
successfully. 


INTP* 
59 
0 
Printer 
interrupt 
output 
(active 
low). To signal 
the state of 
the printer 
port. This pin tracks 
the ACK* 
input 
pin, When 
ACK* is low INTP is low and when ACK* is high INTP is high 


INTSEL* 
43 
I 
Interrupt 
select 
mode. The external 
ACK* 
can be selected 
as an interrupt 
source 
by connecting 
this pin to the GND. 
Connecting 
this pin to VCC will set the interrupt 
to latched 
mode, 
reading 
the 
status 
register 
of the 
printer 
section 
resets the INTP output. 


GND 
2,7,54 
0 
Signal 
and power ground. 
27 


VCC 
23,40,64 
I 
Power supply 
input. 


A2 
A1 
AO 
READ 
MODE 
WRITE 
MODE 


. 


0 
0 
0 
Receive 
Holding 
Register 
Transmit 
Holding 
Register 
0 
0 
1 
Interrupt 
Enable 
Register 
0 
1 
0 
Interrupt 
Status 
Register 
FIFO Control 
Register 
0 
1 
1 
Line Control 
Register 
1 
0 
0 
Modem 
Control 
Register 
1 
0 
1 
Line Status 
Register 
1 
1 
0 
Modem 
Status 
Register 
1 
1 
1 
Scratch pad Register 
Scratch pad Register 
0 
0 
0 
LSB of Divisor 
Latch 
0 
0 
1 
MSB of Divisor 
Latch 
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A2A1 
AO 
Register 
BlT-7 
BIT-6 
BIT-5 
BIT-4 
BIT-3 
BIT-2 
BIT-1 
BIT-o 


0 
0 
0 
RHR 
bit-? 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
THR 
bit-? 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
1 
IER 
0 
0 
0 
0 
modem 
receive 
transmit 
receive 
status 
line 
holding 
holding 
interrupt 
status 
register 
register 
interrupt 


0 
1 
0 
FCR 
RCVR 
RCVR 
0 
0 
OMA 
XMIT 
RCVR 
FIFO 
trigger 
trigger 
mode 
FIFO 
FIFO 
enable 
(MSB) 
(LSB) 
select 
reset 
reset 


0 
1 
0 
ISR 
0/ 
0/ 
0 
0 
int 
int 
int 
int 
FIFOs 
FIFOs 
priority 
priority 
priority 
status 
enabled 
enabled 
bit-2 
bit-1 
bit-O 


0 
1 
1 
LCR 
divisor 
set 
set 
even 
parity 
stop 
word 
word 
latch 
break 
parity 
parity 
enable 
bits 
length 
length 
enable 
bit-1 
bit-O 


1 
0 
0 
MCR 
0 
0 
0 
loop 
INT 
Not 
RTS* 
OTR* 


back 
enable 
used 


1 
0 
1 
LSR 
0/ 
trans. 
trans. 
break 
framing 
parity 
overrun 
receive 
FIFO 
empty 
holding 
interrupt 
error 
error 
error 
data 
error 
empty 
ready 


1 
1 
0 
MSR 
CO 
RI 
OSR 
CTS 
delta 
delta 
delta 
delta 
CO* 
RI" 
OSR* 
CTS* 


1 
1 
1 
SPR 
bit-? 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
DLL 
bit·7 
bit·6 
bit·5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 1 
DLM 
bit-15 
bit-14 
bit·13 
bit·12 
bit-11 
bit-10 
bit-9 
bit-8 


I•.•·••••• 
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The serial transmitter section consists of a Transmit 
Hold Register (THR) and 
Transmit Shift Register 


(TSR). The status of the transmit hold register 
is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (07-00) to the Transmit holding register when- 
ever the transmitter 
holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that 
a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 
On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike onthe RX input. Receiver status codes will 
be posted in the Line Status Register. 


When the receive FIFO (FCR BIT-0=1) and receive 
interrupts (IER BIT-0=1) are enabled, receiver inter- 
rupt will occur as follows: 


A) The receive data available interrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will becleared assoon asthe 
FIFO drops below its programmed trigger levlli. 


B) 
The ISR receive data available indication also 
occurs when the FIFO trigger level isreached, and like 
the interrupt it is cleared when the FIFO drops below 
the trigger level. 


C) The data ready bit (LSR BIT-O)is set as soon as a 
character is transferred from the shift register to the 
receiver FIFO. It is reset when the FIFO is empty. 


When FCRBIT-0=1; resetting IER BIT 3-0to zero puts 
the ST16C552 in the FIFO polled mode of operation. 
Since the receiver and transmitter 
are controlled 
separately either one or both can be inthe polled mode 
operation by utilizing the Line Status Register. 


A) LSR BIT-Owill be set as long as there is one byte 
in the receive FIFO. 


B) 
LSR BIT4-1 will specify which error(s) has oc- 
curred. 


C) LSR BIT-5 will indicate when the transmit FIFO is 
empty. 


0) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 


E) LSR BIT-7 will indicate when there are any errors 
in the receive FIFO. 


The ST16C552 requires to have two step FIFO enable 
operation in order to enable receive trigger levels. 


The ST16C552 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from OC-8 MHz and dividing it by any divisor from 1 
to 2'6 -1. The output 
frequency of the Baudout* is 
equal to 16X of transmission baud rate (Baudout*=16 
x Baud Rate). 
Customize 
Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 
. 


The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 
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IER BIT-O: 
O=disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 


IER BIT-1: 
O=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 


IER BIT-2: 
O=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 


IER BIT-3: 
O=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 


IER BIT 7-4: 
All these bits are set to logic zero. 


The ST16C552 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Interrupt Status Regis- 
ter (ISR) provides the source of the interrupt in priori- 
tized matter. During the read cycle the ST16C552 
provides the highest interrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized interrupt levels: 


P 
D3 
02 
01 
00 
Source of the interrupt 


1 
0 
1 
1 
0 
LSR (Receiver Line Sta- 
tus Register) 
2 
0 
1 
0 
0 
RXRDY (Received Data 
Ready) 
2* 
1 
1 
0 
0 
RXRDY (Receive 
Data 
time out) 
3 
0 
0 
1 
0 
TXRDY( 
Transmitter 
Holding Register Empty) 
4 
0 
0 
0 
0 
MSR 
(Modem 
Status 
Register) 


*RECEIVE TIME-OUT: 
This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. II 


Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40 / 9 [(programmed word length = 
7) + (stop bit = 1) + (start bit = 1»)= 4.4 characters. 


Example -8: If user programs the word length = 7, with 
parity and one stop bit, the time out will be: 
T = 4 X 7(programmed word length) + 12 = 40 bits 
Character time = 40 / 10 [ (programmed word length 
= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 
characters. 


ISR BIT-O: 
O=aninterrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 
1=no interrupt pending. 


ISR BIT 1-3: 
Logical combination of these bits, provides the high- 
est priority interrupt pending. 


ISR BIT 4-7: 
These bits are not used and are set to zero in 
ST16C450 mode. BIT 6-7: are set to "1" in ST16C552 
mode. 


This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 


FCR BIT-O: 
O=Disable the transmit and receive FIFO. 
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1=Enable the transmit and receive FIFO. 
This bit should be enabled before setting the FIFO 
trigger levels. 


FCR BIT-1: 
O=Nochange. 
1=Clears the contents of the receive FIFO and resets 
its counter logic to a (the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 


FCR BIT-2: 
O=Nochange. 
1=Clears the contents of the transmit FIFO and resets 
its counter logic to a (the transmit shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 


FCR BIT-3: 
O=Nochange. 
1=Changes RXRDY and TXRDY pins from mode "0" 
to mode "1". 


Transmit 
operation 
in mode "0": 
When ST16C552 is in ST16C450 mode (FCR bit-O=O 
) or in the FIFO mode ( FCR bit-0=1, FCR bit-3=0 ) 
when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 


Receive operation 
in mode "0": 
When ST16C552 is in ST16C450 mode (FCR bit-O=O 
) orin the FIFO mode (FCR bit-0=1, FCR bit-3=0) and 
there is at least 1 character in the receive FIFO, the 
RXRDY* pin will go low. Once active the RXRDY* pin 
will go high (inactive) when there are no more charac- 
ters in the receiver. 


Transmit 
operation 
in mode "1 ": 


When ST16C552 is in ST16C550 mode ( FCR bit- 
0=1, FCR bit-3=1 ) the TXRDY· pin will become high 
(inactive) when the transmit FIFO is completely full. It 
will be low if one or more FIFO locations are empty. 


When ST16C552 is in ST16C550 mode ( FCR bit- 
0=1, FCR bit-3=1 ) and the trigger level orthe timeout 
has been reached, the RXRDY* pin will go low. Once 
it is activated it will go high (inactive) when there are 
no more characters in the FIFO. 


FCR BIT 4-5: 
Not used. 


FCR BIT 6-7: 
These bits are used to set the trigger level for the 
receiver FIFO interrupt. 


BIT-7 
. BIT-6 
FIFO trigger 
level 


a 
a 
01 
a 
1 
04 
1 
a 
08 


1 
1 
14 


The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 


LCR BIT1-0: 
These two bits specify the word length to be transmit- 
ted or received. 


BIT-1 
BIT-O 
Word length 


a 
a 
5 
a 
1 
6 
1 
a 
7 
1 
1 
8 


LCR BIT-2: 
The number of stop bits can be specified by this bit. 
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BIT-2 
Word length 
Stop bites) 


0 
5,6,7,8 
1 
1 
5 
1-1/2 
1 
6,7,8 
2 


LCR BIT-3: 
Parity or no parity can be selected via this bit. 
O=no parity 
1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 


LCR BIT-4: 
If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 
0=000 
parity is generated by forcing an odd number 
of 1's in the transmitted data, receiver also checks for 
same format. 
1= EVEN parity bit isgenerated byforcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 


LCR BIT-5: 
If the parity bit is enabled, LCR 
BIT-5 selects the 
forced parity format. 
LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1, parity bit is forced to 
"0' in the transmitted and received data. 


LCR BIT-6: 
Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
O=normal operating condition. 
1=forces the transmitter output (TX) to go low to alert 
the communication terminal. 


LCR BIT-7: 
The internal baud rate counter latch enable (OLEN). 
O=normal operation. 
1=select divisor latch register. 


This register controls the interface with the MOOEM 
or a peripheral device (RS232). 


MCR BIT-O: 
O=force OTR* output to high. 
1=force OTR* output to low. 


MCR BIT-1: 
O=force RTS* output to high. 
1=force RTS* output to low. 


MCR BIT-2: 
Not used. 


MCR BIT-3: 
O=set INT output pin to three state mode. 
1=set INT output pin to normal/active 
operating 
mode. 


MCR BIT-4: 
O=normal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) ,CTS*, OSR*, CO*, and RI* are 
disabled. Internally the transmitter 
output is con- 


nected to the receiver input and OTR*, RTS*, MCR 
bit-2 and INT enable are connected to modem control 
inputs. 
In this mode, the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
nowthe lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER. 


MCR BIT 5-7: 
Not used. Are set to zero permqnently. 


This register provides the status of data transfer to 
CPU. 
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LSR BIT-O: 
O=nodata in receive holding register or FIFO. 
1=data has been received and saved in the receive 
holding register or FIFO. 


LSR BIT-1: 
O=nooverrun error (normal). 
1=overrun error, next character arrived before receive 
holding register was emptied or if FIFOs are enabled, 
an overrun error will occur only after the FIFO is full 
and the next character has been completely received 
in the shift register. Note that character in the shift 
register is overwritten, but it is not transferred to the 
FIFO. 


LSR BIT-2: 
O=noparity error (normal). 
1=parity error, received data does not have correct 
parity information. 
In the FIFO mode this error is 
associated with the character at the top of the FIFO. 


LSR BIT-3: 
O=noframing error (normal). 
1=framing error received, received data did not have 
a valid stop bit. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 


LSR BIT-4: 
O=no break condition (normal). 
1=receiver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character is loaded into the FIFO. 


LSR BIT-5: 
O=transmit holding register is full. ST16C552 will not 
accept any data for transmission. 
1=transmit holding register (or FIFO) is empty. CPU 
can load the next character. 


LSR BIT-6: 
O=transmitter holding and shift registers are full. 
1=transmitter holding and shift registers are empty. In 
FIFO mode this bit isset to one wheneverthe transmit- 
ter FIFO and transmit shift register are empty. 


LSR BIT-7: 
O=Normal. 
1=At least one parity error, framing error or break 
indication in the FIFO. This bit is cleared when LSR is 
read. 


This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 


MSR BIT-O: 
Indicates that the CTS* input to the ST16C552 has 
changed state since the last time it was read. 


MSR BIT-1: 
Indicates that the DSR* input to the ST16C552 has 
changed state since the last time it was read. 


MSR BIT-2: 
Indicates that the RI* input to the ST16C552 has 
changed from a low to a high state. 


MSR BIT-3: 
Indicates that 
the CD* input to the ST16C552 has 
changed state since the last time it was read. 


MSR BIT-4: 
This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 


MSR BIT-S: 
This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 


MSR BIT-6: 
This bit is equivalent to MCR bit-2 during local loop- 
back mode. It is the compliment of the RI* input. 


MSR BIT-7: 
This bit is equivalent to INT enable in the MCR during 
local loop-back mode. It is the compliment to the CO* 
input. 


Note: Whenever MSR BIT3-0: is set to logic "1", a 
MOOEM Status Interrupt is generated. 


ST16C552 provides atemporary data registerto store 
8 bits of information for variable use. 


REGISTERS 
~ESETSTATE 


IER 
BITS 0-7=0 


ISR 
ISR BIT-0=1, ISR BITS 1-7=0 


LCR 
LCR BITS 0-7=0 


MCR 
MCR BITS 0-7=0 


LSR 
LSR BITS 0-4=0, 
LSR BITS 5-6=1 LSR, BIT 7=0 


MSR 
MSR BITS 0-3=0, 
MSR BITS 4-7=input signals 


FCR 
FCR BITS 0-7=0 


BAUD 
RATE 
GENERATOR 
PROGRAMMING 


TABLE (1.8432 MHz CLOCK): 


16 xCLPCK: 
% ERROR 


DIVIS(jR 


50 
110 
150 
300 
600 
1200 
2400 
4800 
7200 
9600 
19.2K 
38.4K 
56K 
115.2K 


2304 
1047 
768 
384 
192 
96 
48 
24 
16 
12 
6 
3 
2 
1 


}$IGNAtS 
RESET St'ATE< 


TX 
High 
RTS* 
High 
OTR* 
High 
INT 
Three state mode 
RXROY* 
High 
TXROY 
Low 


PORT REGISTER 
1/0 SELECT REGISTER 
CONTROL REGISTER 


PORT REGISTER 
STATUS REGISTER * 
COMMANO REGISTER 


••••••••••••••••••••••••••••••••••••• 


PR BIT 7-0: 
PD7-PDO bi-directionall/O 
ports. 


STATUS REGISTER 
This register provides the state of the printer outputs 
and the interrupt condition. 


SR BIT 1-0: 
Not used. Are set to "1" permanently. 


SR BIT-2: 
Interrupt condition. 
0= an interrupt is pending 
This bit will be set to "0" at the falling edge ofthe ACK· 
input. 
1= no interrupt is pending 
Reading the STATUS REGISTER will set this bit to 
"1". 


SR BIT-3: 
ERROR· 
input state. 


0= ERROR· input is in low state 
1= ERROR· input is in high state 


SR BIT-4: 
SLCT input state. 
0= SLCT input is in low state 
1= SLCT input is in high state 


SR BIT-5: 
PE input state. 
0= PE input is in low state 
1= PE input is in high state 


SR BIT-6: 
ACK· 
input state. 


0= ACK· input is in low state 
1= ACK· input is in high state 


SR BIT-7: 
BUSY input state. 
0= BUSY input is in high state 
1= BUSY input is in low state 


The state of the STROBE·, 
AUTOFDXT·, 
INIT, 
SLCTIN* pins, and interrupt enable bit can be read by 
this register regardless of the I/O direction. 


COM BIT-a: 
STROBE· input pin. 
0= STROBE· pin is in high state 
1= STROBE· pin is in low state 


COM BIT-1: 
AUTOFDXT· input pin. 
0= AUTOFDXT· pin is in high state 
1= AUTOFDXT· pin is in low state 


COM BIT-2: 
INIT input pin. 
0= INIT pin is in low state 
1= INIT pin is in high state 


COM BIT-3: 
SLCTIN* input pin. 
0= SLCTIN* pin is in high state 
1= SLCTIN* pin is in low state 


COM BIT-4: 
Interrupt mask. 
0= Interrupt (INTP output) is disabled 
1= Interrupt (INTP output) is enabled 


COM BIT 7-5: 
Not used. Are set to "1" permanently. 


Writing 
to this 
register will set the state of the 
STROBE·, AUTOFDXT·, 
INIT, SLCTIN pins, and 
interrupt mask register. 


CON BIT-a: 
STROBE· output control bit. 
0= STROBE· output is set to high state 
1= STROBE· output is set to low state 
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CON BIT-1: 
AUTOFDXT* output control bit. 
0= AUTOFDXT* output is set to high state 
1= AUTOFDXT* output is set to low state 


CON BIT 7-6: 
Not used. 


CON BIT-3: 
SLCTIN* output control bit. 
0= SLCTIN* output is set to high state 
1= SLCTIN* output is set to low state 


Software controlled I/O select. 
Bi-directional mode can be selected by keeping the 
BIDEN input in high state and setting CON BIT-5 to 


~:;~:;r~~~ftware 
I/O select. 
II 
Bi-directional mode can be selected by keeping the 
BIDEN input in low state and setting I/O SELECT 
register to "AA" Hex for input or "55" Hex for output. 


CON BIT-2: 
INIT output control bit. 
0= INIT output is set to low state 
1= INIT output is set to high state 


CON BIT-4: 
Interrupt output control bit. 
0= INTP output is disabled 
1= INTP output is enabled 


CON BIT-5: 
I/O select. Direction of the PD7-PDOcan be selected 
by setting or clearing this bit. 
0= PD7-PDO are set for output mode 
1= PD7-PDO are set for input mode 


PDO-PD7 
STROBE* 
AUTOFDXT* 
INIT 
SLCTIN* 


Low, output mode 
High, output mode 
High, output mode 
Low, output mode 
High, output mode 


CONTROL REGISTER (O~) 
BIDEN 
I/O SELECTREGISTER 
PORtoIREctION··i 


X 
0 
AA Hex 
Input mode 
X 
0 
55 Hex 
Output mode 
0 
1 
X 
Output mode 
1 
1 
X 
Input mode 
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07 
06 
05 
04 


,.". 
"." 
03 
02 
01 
00 


PD7 
PD6 
PD5 
PD4 
PD3 
PD2 
PD1 
PDO 


07 
06 
05 
04 
03 
02 
01 
00 


BUSY* 
ACK 
PE 
SLCT 
ERROR 
IRQ 
1 
1 
STATE 
--- 
1= No interrupt 
0= Interrupt 


07 
06 
05 
04 
03 
02 
01 
00 


1 
1 
1 
IRQ 
SLCTIN* 
INIT 
AUTO- 
STROBE* 
ENABLE 
FDXT* 
-- 


0= IRQ 
disabled 
1= IRQ 
enabled 


07 
06 
05 
04 
03 
02 
01 
00 
- 
- 
I/O 
IRQ 
SLCTIN* 
INIT 
AUTO- 
STROBE* 
SELECT 
MASK 
FDXT* 
--- 
1---- 
O=Output 
O=INTP output 
disabled 
1=lnput 
1=INTP output 
enabled 


AC ELECTRICAL 
CHARACTERISTICS 


TA=O· - 70· C, 
Vcc=5.0 
V ± 10% unless 
otherwise 
specified. 


~yri1b6r 


T, 
Clock 
high pulse duration 
50 
ns 


T2 
Clock 
low pulse duration 
50 
ns 
External 
clock 
I 


..•......• ' 
•.••••..•.• 
T3 
Clock 
rise/fall 
time 
10 
ns 


T8 
Chip select 
setup time 
5 
ns 


T. 
Chip select 
hold time 
0 
ns 


T'2 
Data setup time 
15 
ns 


T'3 
Data hold time 
15 
ns 


T,. 
IOW* delay from chip select 
10 
ns 


T'5 
IOW* strobe width 
50 
ns 


T'6 
Chip select 
hold time from 
IOW* 
0 
ns 


Tn 
Write 
cycle delay 
55 
ns 


T,. 
Data hold time 
15 
ns 


T21 
IOR* delay from 
chip select 
10 
ns 


T23 
IOR* strobe 
width 
65 
ns 


T2• 
Chip select 
hold time from 
IOR* 
0 
ns 


T25 
Read cycle delay 
55 
ns 


Tr 
Read cycle=T23+T25 
115 
ns 


T26 
Delay 
from 
IOR* to data 
35 
ns 
100 pF load 
T28 
Delay 
from 
IOW* to output 
50 
ns 
100 pF load 


T29 
Delay to set interrupt 
from 
MODEM 
70 
ns 
100 pF load 


input 


T30 
Delay to reset interrupt 
from 
IOR* 
70 
ns 
100 pF load 


T31 
Delay from stop to set interrupt 
1RCI< 
ns 
100 pF load 


T32 
Delay from 
IOR* to reset interrupt 
200 
ns 
100 pF load 


T33 
Delay from 
initial 
INT reset to transmit 
8 
24 


start 


T34 
Delay from stop to interrupt 
100 
ns 


T35 
Delay from 
IOW* 
to reset interrupt 
175 
ns 


T39 
ACK* 
pulse width 
75 
ns 


T.o 
PD7 - PDO setup time 
10 
ns 


T., 
PD7 - PDO hold time 
25 
ns 


T'2 
Delay 
from ACK* 
low to interrupt 
low 
5 
ns 


T'3 
Delay from 
IOR* to reset interrupt 
5 
ns 


T•• 
Delay from 
stop to set RxRdy 
1ReLK 


T'5 
Delay from 
IOR* 
to reset RxRdy 
1 
IJS 


T•• 
Delay from 
IOW* 
to set TxRdy 
195 
ns 


T'7 
Delay from start to reset TxRdy 
8 


N 
Baud rate devisor 
2'6_1 


Note 
1 
* = Baudout* 
cycle 
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N 
Il) 
Il) 
() 
CD.•.. 
I- 
C/) 


ABSOLUTE 
MAXIMUM RATINGS 


Supply 
range 
7 Volts 
Voltage 
at any pin 
GNO-0.3 
V to 
VCC+0.3 
V 
Operating 
temperature 
0° C to 
+70° C 
Storage 
temperature 
_40° C to +150° 
C 
Package 
dissipation 
500 mW 


DC ELECTRICAL 
CHARACTERISTICS 


TA=O° - 70° C, 
Vcc=5.0 
V ± 10% unless otherwise 
specified. 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


VILCK 
Clock 
input low level 
-0.5 
0.6 
V 


VIHCK 
Clock 
input high level 
3.0 
VCC 
V 


VIL 
Input low level 
-0.5 
0.8 
V 


VIH 
Input high level 
2.2 
VCC 
V 


VOL 
Output 
low level 
0.4 
V 
IOL=6.0 mA 07-00 
IOL=20.0 mA P07- 
POO 


IOL=10 mA 
SLCTIN*, 
INIT*,STROBE*. 
AUTOFOXT* 
IOL=6.0 mA on all 
other outputs 


VOH 
Output 
high level 
2.4 
V 
IOH=-6.0 mA 07- 
00 
IOH=-12.0 
mA 


PD7-POO 
IOH=-0.2 mA 
SLCTIN*, 
INIT*,STROBE*, 
AUTOFOXT* 
IOH=-6.0 mA on all 
other outputs 


Ice 
Avg 
power supply 
current 
12 
mA 


IlL 
Input leakage 
±10 
!!A 


ICL 
Clock 
leakage 
±10 
!!A 


RIN 
Internal 
pull-up 
resistance 
4 
15 
kn 
*Marked 
pins 
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i-.:f- T9 


T14 ~ 
T15 
T17 


. 
14! 
•• 
----- 
__ 
------- 
.•• 


• 
_-~~~-- 


: 
T8 
, 
~ 


T21 ~ 
T23 
T25 


. 
,l4i 
•• 
----- 
__ 
-------.., 


•••••••••••••••••••••••••••••••• 
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RTS* 
DTR* 


CD 
CTS 
DSR 


\~I 


x..·' 


:/ 
---------------------- 


\__ 
1 


___ 
~I 
L 


v 


i- 
"i 
---...j 
~ 


EXTERNAL n 
V~----\ 1\ 
~ 
:/\ 
/\ 


CLOCK~. 
'\~ 
I:. 
T1 
U 
"---I 
:U 
U 
\ 
'! 
, 
. 
;_ 
.i 
~ 
:- 
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START BIT--1-011----------------- 


1 


1 


1 
I 


1 


., 
1 


I 


1.: 


1 


1 


1 


1 


1 


1 
1 


1 


1 


1 
1 


1 


1 


1 


1 
1 


1 


NEXT 
DATA 
START BIT 


1 


1 
1 


1 


1 


1 
1 
1 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
1 
1 
1'------ 


~ 
i+- 1"34 


iy 
\ 


1"35 --.j i+- 


u 


~ 


~ 
- 
T47 
T46 


_____ 
i~ 
~! \~- 
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START BIT 
_ 
DATA BITS (5-8) 
STOP BIT 
•.• 
1.----------------------....1 
_ 


lOW 
~ 


T46 
. 
--.i 
i4- T47 


i. 
.i----! 


_____________________ 
,/ 
FIFO FULL \~ 
_ 


I•.• 
·••• 
••• 
!···.·····.···.·· 
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STARTBrr--I. 


I 
I 
I 


1 


1 


~I 
1 


1 


1~: 
I 
I 
I 
I 
I 
I 
I 


r 
I 
I 
I 
I 
I 
I 
I 
I 
I 
--_ 
..• 


STOP Brr-- 


. 
, 


PARITYBrr 
: 
; 


1 


1 


1 


1 


1 
I 
1 
I 


r 
1 


r 


r 


1 
i 
T32 -.J ~ 
I 
i 
L\F 


NEXT 
DATA 
STARTBrr 
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START 
BIT-- 


DATA 
BITS (5-8) 


14 


RXINPUT 
(First 
byte) 


5 DATA 
BITS 


I. 
6 DATA 
BITS 


14 
7 DATA 
BITS 


~T44 
\__ A 


~T45 


I.····••··••• 
····•····•••·•· 
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START BIT-- 


, First byte that reaches 
the trigger 
level 


~T44 
\__/ 


SJ16C552 


PDO-PD? 
STROBE· 
INIT 
AUTOFDX· 
SLCTlN· 


-.l i.- T9 


. i 


T14 ~ 
T15 
T1? 


!14-" 
••• 
-----_------- 
•• 


H H 
HH .. H.. HHH 
H.. HHHH_HX 


H 
- - H 
p 
•• H 
_ HH 
H f... 


.·.··-·.1.-·....·.······.-·.··_-···_··· 
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I 
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I 
I 
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I: 
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\ 
~I 
i 


14 
.' 
I 
i 
: 
l: 


14- -- 
- -: - - - - - - - - -- 
- - - - - -!-- - -.I+- - - - - - - - - - - - - - - - - - - - - - ~ 
\_1 


-~-~/ 


-----.i 
i4- T41 


- 
- 
_____ 
: 
.. 
_n 
u 
u_ 
.• 
U_\; 
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POD-PO? 
_n __ n_n_n __ n_)\ 
VALID 
DATA 
X_n 
n__ n_ ..__ n_n 
n 
n__ n_n 
n_n 
n_n __ n_n __ n_n_n_n __ 


~STARTECH 
ST16C553 


UNIVERSAL ASYNCHRONOUS RECEIVERITRANSMITTER 
WITH FIFO 
AND PARALLEL PRINTER PORT WITH 83 BYTE FIFO 


r DESCRIPTION 


i 


The ST16C553 is a dual universal asynchronous 
receiver and transmitter with 16 byte transmit and 
receive FIFO and a bi-directional CENTRONICS type 
parallel printer port with 83 bytes of FIFO. A program- 
mable baud rate generator is provided to select trans- 
mit and receive clock rates from 50Hz to 448kHz. 
The ST16C553 on board status registers provides the 
error 
conditions, type and status of the transfer 
operation 
being performed. 
Included is complete 
MODEM control capability, and a processor interrupt 
system that may be software tailored to the user's 
requirements. The ST16C553 provides internal loop- 
back capability for on board diagnostic testing. 
The ST16C553 is fabricated in an advanced 1.2).l 
CMOS process to achieve low drain power and high 
speed requirements. 


r FEATURES 
i 


• Pin to pin and functional compatible to VL16C552, 
WD16C552 
.16 
byte transmit FIFO 
• 16 byte receive FIFO with error flags 
• 83 bytes of printer output FIFO 
• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
RI*, CD*) 
• Programmable character lengths (5,6,7,8) 
• Even, odd, orno parity bit generation and detection 
• Status report register 
• Independent transmit and receive control 
• TTL compatible inputs, outputs 
• Software compatible with INS8250, NS16C550 
.448 
kHz transmiUreceive 
operation with 7.372 
MHz crystal or external clock source. 
• Bi-directional hardware/software parallel port 
• Bi-directional I/O ports 


r ORDERING 
INFORMATION 
i 


Part number 
ST16C553CJ68 
ST16C5531J68 


Package 
PLCC 
PLCC 


Operating temperature 
0° C to + 70° C 
_40° C to + 85° C 


, 
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~ ~ ~ £ ~ ~ ~ 
< 
~ 
~ 
~ 
~ & ~ ~ 
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CSA', CSS', CSP' 


lOW, lOW' 
RESET' 


INTA 
INTS 
INTP' 


c.: 
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Symbol 
Pin 
Signal Type 
Pin Description 


00-07 
14-21 
I/O 
Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


AO-A2 
35-33 
I 
Address select lines. To select internal registers. 


ClK 
4 
I 
Clock input. An external clock can be used to clock internal 
circuit and baud rate generator for custom transmission 
rates. 


BIDEN 
1 
I 
Printer direction select. A high puts the parallel port in the 
input / output mode and low sets the ST16C553 to output 
mode. 


lOW" 
36 
I 
Write strobe (active low). A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


lOR" 
37 
I 
Read strobe (active low). A low level on this pin transfers 
the contents of the ST16C553 data bus to the CPU. 


RDOUT 
44 
0 
Read select out (active high). This pin goes high when the 
CPU is reading data from the ST16C553 to en/disable the 
external transceiver or logic's. 


RESET* 
39 
I 
Master reset (active low). A low on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CS AlB* 
32,3 
I 
Chip select AlB (active low). A low at this pin enables the 
serial port-AIB / CPU data transfer operation. 


DSRAlB* 
31,S 
I 
Data set ready AlB (active low). A low on this pin indicates 
the MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


RI AlB* 
30,6 
I 
Ring detect indicator AlB (active low). A low on this pin 
indicates the modem has received a ringing signal from 
telephone line. 


CDNB* 
29,8 
Carrier detect NB (active low). A low on this pin indicates 
the carrier has been detected by the modem. 


TXNB 
26,10 
0 
Serial data output NB. The serial data is transmitted via 
this pinwith additional start, stop and parity bits. The TX will 
be held in mark (high) state during reset, local loopback 
mode or when the transmitter is disabled. 


DTRNB* 
25,11 
0 
Data terminal ready A/B (active low). 
To indicate that 
ST16C553 is ready to receive data. 
This pin can be 
controlled via the modem control register (MCR bit-O). 
Writing a "1" atthe MCR bit-Owill setthe DTR* output to low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset. Note that this pin does not have 
any effect on the transmit or receive operation. 


RTSNB* 
24,12 
0 
Request to send A/B (active low). To indicate that the 
transmitter has data ready to send. Writing a "1" in the 
modem control register (MCR bit-1 ) will set this pin to a low 
state. After the reset this pin will be set to high. Note that 
this pin does not have any effect on the transmit or receive 
operation. 


RXNB 
41,62 
Serial data inputNB. The serial information (data) received 
from serial port to ST16C553 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
localloopback mode the RX input is disabled from external 
connection and connected to the TX output inter;'lally. 


CTSNB* 
28,13 
Clear to send NB 
(active low). The CTS* signal is a 
MODEM control function input whose conditions can be 
tested by reading the MSR BIT-4. CTS* has no effect on the 
transmit or receive operation. 


INTNB 
45,60 
0 
Interrupt output A/B (three state active high) This pin goes 
high (when enabled by the interrupt enable register) when- 
ever a receiver error, receiver data available, transmitter 
empty, or modem status condition flag is detected. 


TXRDY NB 
22,42 
0 
Transmit ready NB (active high). This pin goes high when 
the transmit FIFO of the ST16C553 is full. It can be used as 
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Symbol 
Pin 
.. 
Signal Type 
Pin Description 


a single or multi-transfer. 


RXRDY NB* 
9,61 
0 
Receive ready NB (active low). This pin goes low when the 
receive FIFO is full. It can be used as a single or multi- 
transfer. 


CSP* 
38 
I 
Parallel printer port chip select (active low). A low at this pin 
enables the parallel port / CPU data transfer operation. 


PD7-PDQ 
46-53 
I/O 
Bi-directional parallel ports (three state). To transfer data in 
or out of the ST16C553 parallel port. PD7-PDQare latched 
during output mode. 


STROBE* 
55* 
I/O 
General purpose 
I/O or data strobe output (open drain 
active low). This output indicates to the printer that valid 
data is available at the printer port (PDQ-PD7). 


AUTOFDXT* 
56* 
I/O 
General purpose I/O or automatic line feed (open drain 
active low). When this pin this signal is low, the printer 
should automatically line feed after each line is printed. 


INIT 
57* 
I/O 
General purpose I/O or line printer initialize (open drain 
active high). 
To signal the line printer to enter internal 
initialization routine. 


SLCTIN* 
58* 
I/O 
General purpose I/O or line printerselect (open drain active 
low). When this signal is low, it selects the printer. 


ERROR* 
63* 
I 
General purpose input or line printer error (active low). This 
is an output from the printer to indicate an error by holding 
it low during error condition. 


SLCT 
65* 
I 
General purpose input or line printer selected (active high). 
This is an output from the printer to indicate that the line 
printer has been selected. 


BUSY 
66* 
I 
General purpose input or line printer busy (active high). An 
output from the printer to indicate printer is not ready to 
accept data. 
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Symbol 
Pin 
Signal Type 
Pin Description 


PE 
67* 
I 
General purpose input or line printer paper empty (active 
high). An output from the printer to indicate out of paper. 


ACK* 
68* 
I 
General purpose input or line printer acknowledge (active 
low). This input is pulsed low by the printer to indicate that 
data has been accepted successfully. 


INTP* 
59 
0 
Printer interrupt output (active low). To signal the state of 
the printer port. This pin tracks the ACK* input pin, When 
ACK* is low INTP is low and when ACK* is high INTP is high 


INTSEL* 
43 
I 
Interrupt select mode. The external ACK* can be selected 
as an interrupt source by connecting this pin to the GND. 
Connecting this pin to VCC will set the interrupt to latched 
mode, reading the status register of the printer section 
resets the INTP output. 


GND 
2,7,54 
0 
Signal and power ground. 


VCC 
23,40,64 
I 
Power supply input. 


A2 
A1 
AO 
READ MODE 
WRITE MODE 


0 
0 
0 
Receive Holding Register 
Transmit Holding Register 
0 
0 
1 
Interrupt Enable Register 
0 
1 
0 
Interrupt Status Register 
FIFO Control Register 
0 
1 
1 
Line Control Register 
1 
0 
0 
Modem Control Register 
1 
0 
1 
Line Status Register 
1 
1 
0 
Modem Status Register 
1 
1 
1 
Scratch pad Register 
Scratch pad Register 
0 
0 
0 
LSB of Divisor Latch 
0 
0 
1 
MSB of Divisor Latch 
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A2A1 AO 
Register .... BIT-7 
BIT-6 
BIT-5 
BIT-4 
BIT-3 
BIT-2 
BIT-1 
BIT-O 
..... 


0 
0 
0 
RHR 
bit-? 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
THR 
bit-? 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
1 
IER 
0 
0 
0 
0 
modem 
receive 
transmit 
receive 
status 
line 
holding 
holding 
interrupt 
status 
register 
register 
interrupt 


0 
1 
0 
FCR 
RCVR 
RCVR 
0 
0 
DMA 
XMIT 
RCVR 
FIFO 
trigger 
trigger 
mode 
FIFO 
FIFO 
enable 
(MSS) 
(LSS) 
select 
reset 
reset 


0 
1 
0 
ISR 
0/ 
0/ 
0 
0 
int 
int 
int 
int 
FIFOs 
FIFOs 
priority 
priority 
priority 
status 
enabled 
enabled 
bit-2 
bit-1 
bit-O 


0 
1 
1 
LCR 
divisor 
set 
set 
even 
parity 
stop 
word 
word 
latch 
break 
parity 
parity 
enable 
bits 
length 
length 
enable 
bit-1 
bit-O 


1 
0 
0 
MCR 
0 
0 
0 
loop 
INT 
not 
RTS* 
DTR* 
back 
enable 
used 


1 
0 
1 
LSR 
0/ 
trans. 
trans. 
break 
framing 
parity 
overrun 
receive 
FIFO 
empty 
holding 
interrupt 
error 
error 
error 
data 
error 
empty 
ready 


1 
1 
0 
MSR 
CD 
RI 
DSR 
CTS 
delta 
delta 
delta 
delta 
CD* 
RI* 
DSR* 
CTS* 


1 
1 
1 
SPR 
bit-? 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 
0 
DLL 
bit-7 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


0 
0 1 
DLM 
bit-15 
bit-14 
bit-13 
bit-12 
bit·11 
bit·10 
bit-9 
bit-8 
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The serial transmitter section consists of a Transmit 
Hold Register (THR) and 
Transmit Shift Register 
(TSR). The status of the transmit hold register 
is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (07-00) to the Transmit holding register when- 
ever the transmitter 
holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that 
a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 
On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike onthe RX input. Receiver status codes will 
be posted in the Line Status Register. 


When the receive FIFO (FCR BIT-0=1) and receive 
interrupts (IER BIT-0=1) are enabled, receiver inter- 
rupt will occur as follows: 


A) The receive data available interrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; itwill be cleared assoon asthe 
FIFO drops below its programmed trigger level. 


B) 
The ISR receive data available indication also 
occurs when the FIFO trigger level is reached, and like 
the interrupt it is cleared when the FIFO drops below 
the trigger level. 


C) The data ready bit (LSR BIT-O)is set as soon as a 
character is transferred from the shift register to the 
receiver FIFO. It is reset when the FIFO is empty. 


When FCR BIT-0=1; resetting IER BIT3-0tozero 
puts 
the ST16C553 in the FIFO polled mode of operation. 
Since the receiver and transmitter 
are controlled 
separately either one or both can be inthe polled mode 
operation by utilizing the Line Status Register. 


A) LSR BIT-Owill be set as long as there is one by1e 
in the receive FIFO. 


B) 
LSR BIT4-1 will specify which error(s) has oc- 
curred. 


C) LSR BIT-5 will indicate when the transmit FIFO is 
empty. 


0) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 


E) LSR BIT-7 will indicate when there are any errors 
in the receive FIFO. 


The ST16C553 requires to have two step FIFO enable 
operation in order to enable receive trigger levels. 


The ST16C553 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from OC-8 MHz and dividing it by any divisor from 1 
to 2'6 -1. The output 
frequency of the Baudout* is 
equal to 16X of transmission baud rate (Baudout*=16 
x Baud Rate). 
Customize 
Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 


The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 
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IER BIT-o: 
O=disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 


IER BIT-1: 
O=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 


IER BIT-2: 
O=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 


IER BIT-3: 
O=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 


IER BIT 7-4: 
All these bits are set to logic zero. 


The ST16C553 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Interrupt Status Regis- 
ter (ISR) provides the source of the interrupt in priori- 
tized matter. During the read cycle the ST16C553 
provides the highest interrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized 
interrupt levels: 


P 
03 
02 
01 
DO 
Sourceofthe 
interrupt 


1 
0 
1 
1 
0 
LSR (Receiver Line Sta- 
tus Register) 
2 
0 
1 
0 
0 
RXRDY (Received Data 
Ready) 
2" 
1 
1 
0 
0 
RXRDY (Receive 
Data 
time out) 
3 
0 
0 
1 
0 
TXRDY( 
Transmitter 
Holding Register Empty) 
4 
0 
0 
0 
0 
MSR 
(Modem 
Status 
Register) 


"RECEIVE TIME-OUT: 
This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received oreach time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 
I' 


Example -A: If user programs the word length = 7, and 
nq parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40/ 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 


Example -8: If user programs the word length = 7, with 
parity and one stop bit, the time out will be: 
T = 4 X 7(programmed word length) + 12 = 40 bits 
Character time = 40 /10 [ (programmed word length 
= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 
characters. 


ISR BIT-O: 
O=aninterrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 
1=no interrupt pending. 


ISR BIT 1-3: 
Logical combination of these bits, provides the high- 
est priority interrupt pending. 


ISR BIT 4-7: 
These bits are not used and are set to zero in 
ST16C450 mode. BIT 6-7: are set to "1" in ST16C553 
mode. 


This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 


FeR BIT-O: 
O=Disable the transmit and receive FIFO. 
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1=Enable the transmit and receive FIFO. 
This bit should be enabled before setting the FIFO 
trigger levels. 


FCR BIT-1: 
O=No change. 
1=Clears the contents of the receive FIFO and resets 
its counter logic to 0 (the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 


FCR BIT-2: 
O=No change. 
1=Clears the contents of the transmit FIFO and resets 
its counter logic to 0 (the transmit shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs .. 


FCR BIT-3: 
O=No change. 
1=Changes RXRDY and TXRDY pins from mode "0" 
to mode "1". 


Transmit 
operation 
in mode "0": 
When ST16C553 is in ST16C450 mode ( FCR bit-O=O 
) or in the FIFO mode ( FCR bit-0=1, FCR bit-3=0 ) 
when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 


Receive operation 
in mode "0": 
When ST16C553 is in ST16C450 mode ( FCR bit-O=O 
) orin the FIFO mode (FCR bit-0=1, FCR bit-3=0) and 
there is at least 1 character in the receive FIFO, the 
RXRDY* pin will go low. Once active the RXRDY* pin 
will go high (inactive) when there are no more charac- 
ters in the receiver. 


Transmit 
operation 
in mode "1 ": 
When ST16C553 is in ST16C550 mode ( FCR bit- 
0=1, FCR bit-3=1 ) the TXRDY* pin will become high 
(inactive) when the transmit FIFO is completely full. It 
will be low if one or more FIFO locations are empty. 


Receive operation 
in mode "1 ": 
When ST16C553 is in ST16C550 mode ( FCR bit- 
0=1, FCR bit-3=1 ) and the trigger level orthe timeout 
has been reached, the RXRDY* pin will go low. Once 
it is activated it will go high (inactive) when there are 
no more characters in the FIFO. 


FCR BIT 4-5: 
Not used. 


FCR BIT 6-7: 
These bits are used to set the trigger level for the 
receiver FIFO interrupt. 


BIT-7 
BIT-6 
FIFO trigger 
level 


0 
0 
01 
0 
1 
04 
1 
0 
08 
1 
1 
14 


The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 


LCR BIT1-0: 
These two bits specify the word length to be transmit- 
ted or received. 


BIT-1 
BIT-O 
Word length 


0 
0 
5 
0 
1 
6 
1 
0 
7 
1 
1 
8 
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LCR BIT-2: 
The number of stop bits can be specified by this bit. 


BIT-2 
Word length 
Stop bites) 


0 
5,6,7,8 
1 
1 
5 
1-1/2 
1 
6,7,8 
2 


LCR BIT-3: 
Parity or no parity can be selected via this bit. 
O=no parity 
1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 


LCR BIT-4: 
Ifthe parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 
0=000 
parity is generated by forcing an odd number 
of 1's in the transmitted data, receiver also checks for 
same format. 
1= EVEN parity bit isgenerated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 


LCR BIT-5: 
If the parity bit is enabled, LCR 
BIT-5 selects the 
forced parity format. 
LCR BIT-5=1 and LCR BIT-4=O, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1, parity bit is forced to 
"0" in the transmitted and received data. 


LCR BIT-6: 
Break 
control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
O=normal operating condition. 
1=forces the transmitter output (TX) to go low to alert 
the communication terminal. 


LCR BIT-7: 
The internal baud rate counter latch enable (OLEN). 
O=normal operation. 
1=select divisor latch register. 


This register controls the interface with the MODEM 
or a peripheral device (RS232). 


MCR BIT-O: 
O=force OTR* output to high. 
1=force OTR* output to low. 


MCR BIT-1: 
O=force RTS* output to high. 
1=force RTS* output to low. 


MCR BIT-2: 
Not used. 


MCR BIT-3: 
O=set INT output pin to three state mode. 
1=set INT output pin to normal/active 
operating 
mode. 


MCR BIT-4: 
O=normal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX), CTS*, OSR*, CO*, and RI* are 
disabled. Internally the transmitter 
output is con- 
nected to the receiver input and OTR*, RTS*, MCR 
bit-2 and INT enable are connected to modem control 
inputs. 
In this mode, the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
nowthe lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER. 


MCR BIT 5-7: 
Not used. Are set to zero permanently. 
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This register provides the status of data transfer to 
CPU. 


LSR BIT-O: 
O=nodata in receive holding register or FIFO. 
1=data has been received and saved in the receive 
holding register or FIFO. 


LSR BIT-1: 
O=nooverrun error (normal). 
1=overrun error, next character arrived before receive 
holding register was emptied or if FIFOs are enabled, 
an overrun error will occur only after the FIFO is full 
and the next character has been completely received 
in the shift register. Note that character in the shift 
register is overwritten, but it is not transferred to the 
FIFO. 


LSR BIT-2: 
O=no parity error (normal). 
1=parity error, received data does not have correct 
parity information. 
In the FIFO mode this error is 
associated with the character at the top of the FIFO. 


LSR BIT-3: 
O=noframing error (normal). 
1=framing error received, received data did not have 
a valid stop bit. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 


LSR BIT-4: 
O=no break condition (normal). 
1=receiver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character is loaded into the FIFO. 


LSR BIT-5: 
O=transmit holding register is full. ST16C553 will not 
accept any data for transmission. 
1=transmit holding register (or FIFO) is empty. CPU 
can load the next character. 


LSR BIT-6: 
O=transmitter holding and shift registers are full. 
1=transmitter holding and shift registers are empty. In 


FIFO mode this bit is set to one whenever the trans- 
mitter FIFO and transmit shift register are empty. 


LSR BIT-7: 
O=Normal. 
1=At least one parity error, framing error or break 
indication in the FIFO. This bit is cleared when LSR is 
read. 


This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 


MSR BIT-O: 
Indicates that the CTS* input to the ST16C553 has 
changed state since the last time it was read. 


MSR BIT-1: 
Indicates that the DSR* input to the ST16C553 has 
changed state since the last time it was read. 


MSR BIT-2: 
Indicates that the RI* input to the ST16C553 has 
changed from a low to a high state. 


MSR BIT-3: 
Indicates that 
the CD* input to the ST16C553 has 
changed state since the last time it was read. 


MSR BIT-4: 
This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 


MSR BIT-S: 
This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 


MSR BIT-6: 
This bit is equivalent to MCR bit-2 during local loop- 
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MSR BIT-7: 
This bit is equivalent to INT enable in the MCR during 
local loop-back mode. It is the compliment to the CD· 
input. 


Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 


ST16C553 provides atemporary data registerto store 
8 bits of information for variable use. 


-, 


REGISTERS 
RESET STATE 


IER 
IER BITS 0-7=0 
ISR 
ISR BIT-0=1, ISR BITS 1-7=0 
LCR 
LCR BITS 0-7=0 
MCR 
MCR BITS 0-7=0 
LSR 
LSR BITS 0-4=0, 
LSR BITS 5-6=1 LSR, BIT 7=0 
MSR 
MSR BITS 0-3=0, 
MSR BITS 4-7=input signals 
FCR 
FCR BITS 0-7=0 
AFR 
AFR BIT 0-7=0 


BAUD 
RATE 
GENERATOR 
PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 


BAUD RATE 
16 x CLOCK 
% ERROR 
DIVISOR 


50 
2304 
110 
1047 
0.026 
150 
768 
300 
384 
600 
192 
1200 
96 
2400 
48 
4800 
24 
7200 
16 
9600 
12 
19.2K 
6 
38.4K 
3 
56K 
2 
2.77 
115.2K 
1 


\ 


SIGNALS 
RESET STATE 


TX 
High 
RTS· 
High 
DTR· 
High 
INT 
Three state mode 
RXRDY· 
High 
TXRDY 
Low 


- 


A1 
AD 
IOW* 
lOR" 


0 
0 
PORT REGISTER 
PORT REGISTER 
0 
1 
I/O SELECT REGISTER 
STATUS REGISTER· 
1 
0 
CONTROL REGISTER 
COMMAND REGISTER 
1 
1 
ALTERNATE FUNCTION REGISTER 
FIFO BYTE COUNT REGISTER 


••••••••••••••••••••••••••••••••••••• 
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The ST16C553 parallel port is designed to operate as 
a normal CENTRONICS printer interface. The port 
contains 83 byte FIFO that may be enabled via bit-7 
of the Alternate Function Register (AFR). After reset, 
the FIFO isdisabled and the part will function identical 
to the ST16C552. Once the FIFO is enabled via AFR 
bit-7, the port will enter FIFO mode after the first byte 
of data is strobed to the printer and the printer re- 
sponds with either an ACK* or BUSY signal. 


The ST16C553 will remain in FIFO mode until the part 
is reset or INIT is brought low. While in FIFO mode, 
data transfer to the printer will be controlled by the 
printer without any user intervention. The printer port 
also contains a FIFO byte counter that maintains a 
count of the number of bytes remaining in the FIFO. 
The FIFO and the FIFO byte counter are cleared by a 
reset or by a change of state of the INIT pin. All FIFO 
related timing is derived from the clock input to pin 4 
of the part. 


A special parallel port write / read mode is activated 
when INIT is held low, either bywriting a "0"to Control 
Register bit-2 or by forcing the INIT pin low. In this 
mode the FIFO read pointer is advanced by reading 
the parallel port instead of the ACK* or BUSY signals. 
The STROBE* output is forced high. This allows the 
user to perform write to parallel port and read from 
parallel port operations without strobing data to the 
printer. 


Following an INIT, the parallel port will not be in the 
FIFO mode. Control Register bit-O is used as the 
STROBE*, Status Register bit-7 is the inverse of the 
BUSY signal, and INTP* is derived from ACK*. The 
transition into FIFO mode will occur after the first 
STROBE* is generated and the printer responds with 
either an ACK* or BUSY. In FIFO mode, STROBE* is 
generated automatically and writing to Control Regis- 
ter bit-Ohas no effect on STROBE*. Alternate Func- 
tion Register bit 0-2 are used to control the delay and 
width of STROBE*. Handshaking between the printer 
and the ST16C553 may be controlled by bit-3 of the 
Alternate Function Register. Setting this bitto a "1"will 
result in the use of BUSY instead of ACK* for FIFO 


reading and interrupt control. INTP* will transition low 
when a "1" is written to Control Register bit-Oand will 
transition high when a write to parallel port is per- 
formed. In FIFO mode, data transfer to the printer will 
be controlled by the printer and will occur at the 
printer's maximum data rate. 


The FIFO byte counter is incremented one count for 
each parallel port write and decremented one count 
for each FIFO read (data taken by printer). A FIFO 
read will be generated at the falling edge of either 
ACK* or BUSY. The byte counter will require two to 
three clock cycles to update. Hence, a read to Fifo 
Byte Count Register (FBCR) should only be per- 
formed minimum of three clock after the falling edge 
of either ACK* or BUSY. The counter is reset when- 
everthe FIFO is reset. If write to parallel port operation 
is attempted when the FIFO is full, the data will not be 
written into the FIFO and the counter will not incre- 
ment. 


Two interrupt modes are available and are selected 
with the INTSEL*pin. If this pin is tied high, a latched 
interrupt will result. In this mode, INTP* will transition 
low when a "1" is written to Control Register bit-O. A 
reset or reading the 
Status Register will clear the 
interrupt. If INTSEL* pin is tied low, INTP* will transi- 
tion low when a "1" is written to Control Register bit-O 
and will transition high when a write to the parallel port 
is issued. This (non-latched) interrupt signal is always 
available in Status Register bit-6 regardless of the 
state of the INTSEL* pin. Status Register bit-2 will 
always contain the latched interrupt state. The polarity 
of the INTP* pin may be inverted by setting Alternate 
Function Register bit-6 high. 
. 


The ST16C553 provides additional programmable 
interrupt output options by programming the Alternate 
Function Register bit 4-5. INTP* output can be se- 
lected as FIFO full or FIFO empty interrupt. 


ST16C553 


Bi-directional 
printer 
port. 


Writing 
to this register during output mode will transfer 
the contents 
of the data bus to the PD7-PDO 
ports. 
Reading 
this register 
during 
input mode will transfer 
the 
states 
of the 
PD7-PDO 
to ttie 
data 
bus. 
This 
register 
will be set to the output 
mode after reset. 


PR BIT 7-0: 
PD7-PDO 
bi-directional 
1/0 ports. 


STATUS 
REGISTER 
This register 
provides 
the state of the printer 
outputs 
and the interrupt 
condition. 


SR BIT 1-0: 
This bit is set to "1" normally 
except when interrupt 
is 
selected 
as FIFO 
empty 
via AFR. 


SR BIT-2: 
Interrupt 
condition. 


0= an interrupt 
is pending 
This bit will be set to "0" at the falling 
edge of the ACK* 
input. 


1= no interrupt 
is pending 
Reading 
the STATUS 
REGISTER 
will set this bit to 


"1 ". 


SR BIT-3: 
ERROR 
input state. 
0= ERROR 
input is in low state 
1= ERROR 
input is in high state 


SR BIT-4: 
SLCT 
input state. 


0= SLCT 
input is in low state 
1= SLCT 
input is in high state 


SR BIT-5: 
PE 
input state. 


0= PE input is in low state 
1= PE input is in high state 


SR BIT-6: 
ACK* 
input state. 
0= ACK* 
input is in low state 
1= ACK* 
input is in high state 


SR BIT-7: 
BUSY 
or FIFO 
fulll 
FIFO 
empty 
signal. 


ST16C552 
mode 
(FIFO 
is not enabled). 
0= BUSY 
input is in high state 
1= BUSY 
input is in low state 


FIFO 
is enabled. 


0= FIFO is full 
1= One or more empty 
locations 
in FIFO 


The 
state 
of 
the 
STROBE*, 
AUTOFDXT*, 
INIT, 
SLCTIN* 
pins, and interrupt 
enable 
bit can be read by 
this register 
regardless 
of 
the 1/0 direction. 


COM BIT-a: 
STROBE* 
input pin. 


0= STROBE* 
pin is in high state 
1= STROBE* 
pin is in low state 


COM 
BIT-1: 
AUTOFDXT* 
input pin. 


0= AUTOFDXT* 
pin is in high state 
1= AUTOFDXT* 
pin is in low state 


COM BIT-2: 
INIT input pin. 
0= INIT pin is in low state 
1= IN IT pin is in high state 


COM 
BIT-3: 
SLCTIN* 
input pin. 
0= SLCTIN* 
pin is in high state 
1= SLCTIN* 
pin is in low state 


.·..·....·.·.1....·..·········.······ 
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COM BIT-4: 
Interrupt mask. 
0= Interrupt (INTP output) is disabled 
1= Interrupt (INTP output) is enabled 


COM BIT 7-5: 
Not used. Are set to "1" permanently. 


Writing 
to this 
register will set the state of the 
STROBE*, AUTOFDXT*, 
INIT, SLCTIN pins, and 
interrupt mask register. 


CON BIT-O: 
STROBE* output control bit. 
0= STROBE* output is set to high state 
1= STROBE* output is set to low state 


CON BIT-1: 
AUTOFDXT* output control bit. 
0= AUTOFDXT* output is set to high state 
1= AUTOFDXT* output is set to low state 


CON BIT-2: 
INIT output control bit. 
0= INIT output is set to low state 
1= INIT output is set to high state 


CON BIT-3: 
SLCTIN* output control bit. 
0= SLCTIN* output is set to high state 
1= SLCTIN* output is set to low state 


CON BIT-4: 
Interrupt output control bit. 
0= INTP output is disabled (three state mode) 
1= INTP output is enabled 


CON BIT-5: 
I/O select. Direction of the PD7-PDOcan be selected' 
by setting or clearing this bit. 
0= PD7-PDO are set for output mode 
1= PD7-PDO are set for input mode 


.CON BIT 7-6: 
Not used. 


This register En/Disables FIFO operation and pro- 
vides additional capabilities to control STROBE*. 
INTP* and change interrupt functions. 


AFR BIT 0-2: 
Timing select. 
The STROBE* delay and width can be controlled by 
these bits, 


AFR 
AFR 
AFR 
TSD 
TSW 
Bit·2 
Bit-1 
Bit-O 
(clocks) 
(clocks) 


1 
0 
0 
3 
2 
1 
0 
1 
5 
4 
1 
1 
0 
5 
4 
1 
1 
1 
9 
8 
0 
0 
0 
6 
4 
0 
0 
1 
10 
8 
0 
1 
0 
10 
8 
0 
1 
1 
18 
16 


AFR BIT-3: 
Interrupt source. 
0= ACK* input pin is selected as printer handshaking 
source 
1= BUSY input pin is selected as printer handshaking 
source 


AFR BIT 4-5: 
Interrupt type. State of the INTP* output pin can be 
selected for one of the following options. 


Bit-5 
Bit-4 
INTp· output 
SR 
SR 
bit-O 
bit-6 


0 
0 
Normal mode' 
1 
BUSY* 
0 
1 
FIFO empty 
1 
FIFO empty 
1 
0 
FIFO full 
1 
FIFO full 
1 
1 
FIFO empty 
0 
FIFO empty 
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AFR BIT-6: 
INTP* output polarity. 
0= Normal. INTP* output follows the ACK* input 
1= Inverted INTP* output 


AFR BIT-7: 
FIFO enable / disable function. 
0= FIFO is disabled( default mode). The ST16C552 
compatible mode. 
1= FIFO is enabled. Internal 83 byte of FIFO is 
enabled. 


State and content of the printer FIFO can be moni- 
tored by reading this register. 


FCBR BIT 0-6: 
FIFO byte count. Number of characters left in FIFO. 


FBCR BIT-7: 
FIFO state. 
0= FIFO is enabled 
1= FIFO is disabled 


Software control.led I/O select. 
Bi-directional mode can be selected by keeping the 
BIDEN input in high state and setting CON BIT-5 to 
·zero or one" 
Hardware/software I/O select. 
Bi-directional mode can be selected by keeping the 
BIDEN input in low state and setting I/O SELECT 
register to "AA" Hex for input or "55" Hex for output. 


PDO-PD7 
STROBE* 
AUTOFDXT* 
INIT 
SLCTIN* 


CONTROL· REGiSTER (05) ••' 


X 
X 
o 
1 


AA Hex 
55 Hex 
X 
X 


Low, output mode 
High, output mode 
High, output mode 
Low, output mode 
High, output mode 


Input mode 
Output mode 
Output mode 
Input mode 
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.... 


A2A1 AO 
REGISTER 
07 
06 
05 
04 
03 
02 
01 
00 


X 
0 
0 
PR 
PO? 
P06 
P05 
P04 
P03 
P02 
P01 
POO 


X 
0 
1 
STR 
BUSY"/ 
ACK 
PE 
SLCT 
ERROR 
IRQ 
1 
1 
Alternate 
function 


X 
0 
1 
I/O 
bit-? 
bit-6 
bit-5 
bit-4 
bit-3 
bit-2 
bit-1 
bit-O 


X 
1 
0 
COM 
1 
1 
1 
IRQ 
SLCTIN" 
INIT 
AUTO- 
STROBE" 
state 
FoXT" 


X 
1 
0 
CON 
1 
1 
I/O 
IRQ 
SLCTIN" 
INIT 
AUTO- 
STROBE" 
select 
mask 
FoXT 


X 
1 
1 
AFR 
FIFO 
INTP" 
IRQ 
IRQ 
INTP" 
TIMING 
TIMING 
TIMING 
enable 
polarity 
type 
type 
source 
select 
select 
select 
bit-1 
bit-O 
bit-2 
bit-1 
bit-O 


X 
1 
1 
FBCR 
FIFO" 
FBC-6 
FBC-5 
FBC-4 
FBC-3 
FBC-2 
FBC-1 
FBC-O 
status 
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Symbol 
Parameter 
Limits 
Units 
Conditions 


...... 
........ 
Min 
Typ 
Max 
.. 
...... 


T, 
Clock 
high pulse duration 
50 
ns 


T2 
Clock 
low pulse duration 
50 
ns 
External 
clock 


T3 
Clock 
rise/fall 
time 
10 
ns 


T8 
Chip select 
setup time 
5 
ns 


T9 
Chip select 
hold time 
0 
ns 


T" 
IOR* to DDIS* delay 
25 
ns 
100 pF load 


T'2 
Data setup time 
15 
ns 


T'3 
Data hold time 
15 
ns 


T'4 
IOW* delay from 
chip select 
10 
ns 


T'5 
lOW· 
strobe 
width 
50 
ns 


T'6 
Chip select 
hold time from 
IOW* 
0 
ns 


T17 
Write 
cycle delay 
55 
ns 


Tw 
Write 
cycle=T,5+T17 
105 
ns 


T'9 
Data hold time 
15 
ns 


T21 
IOR* delay from 
chip select 
10 
ns 


T23 
IOR* strobe 
width 
65 
ns 


T24 
Chip select 
hold time from 
IOR* 
0 
ns 


T25 
Read cycle delay 
55 
ns 


Tr 
Read cycle=T23+T25 
115 
ns 


T26 
Delay from 
IOR* to data 
35 
ns 
100 pF load 


T28 
Delay from 
IOW* 
to output 
50 
ns 
100 pF load 


Tzg 
Delay to set interrupt 
from 
MODEM 
70 
ns 
100 pF load 


input 


T30 
Delay to reset interrupt 
from 
IOR* 
70 
ns 
100 pF load 


T3, 
Delay from stop to set interrupt 
1Rck 
ns 
100 pF load 


T32 
Delay from 
IOR* to reset interrupt 
200 
ns 
100 pF load 


T33 
Delay from 
initial 
INT reset to transmit 
8 
24 
* 


start 


T34 
Delay from stop to interrupt 
100 
ns 


T35 
Delay from 
lOW· 
to reset interrupt 
175 
ns 


T39 
ACK· 
pulse width 
75 
ns 


T40 
PD7 - PDO setup time 
10 
ns 
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Symbol 
Parameter 
LImits 
Units 
Conditions 


,. 
Min 
tYP 
Max . 


. 
" .. 
, 


T., 
PD7 - PD~ hold time 
25 
ns 
T.2 
Delay from ACK· low to interrupt low 
5 
ns 
T.3 
Delay from lOR· to reset interrupt 
5 
ns 
T•• 
Delay from stop to set RxRdy 
1RelK 
T.5 
Delay from lOR· to reset RxRdy 
1 
~ 


T4S 
Delay from lOW· 
to set TxRdy 
195 
ns 
T.7 
Delay from start to reset TxRdy 
8 
. 


N 
Baud rate devisor 
1 
2'6_1 


Supply 
range 
Voltage 
at any pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


7 Volts 
GND-0.3 
V to 
VCC+0.3 
V 
O· C to 
+70· 
C 
-40· 
C to +150· 
C 
500 mW 


Limits 


.Mirl< 
.Typ 


0.6 
VCC 
0.8 
VCC 
0.4 


Clock 
input low level 
Clock 
input high level 
Input low level 
Input high level 
Output 
low level 


-0.5 
3.0 
-0.5 
2.2 
IOL=6.0 mA D7-DO 
IOL=15mA 
PD7- 


PDO 
IOL=6.0 mA on all 
other outputs 


IOH=-6.0 mA D7- 
DO 
IOH=-12.0 
mA 
PD7-PDO 
IOH=-150 J.iA 
SLCTIN*, 
INIT*,STROBE*, 
AUTOFDXT* 
IOH=-6.0 mA on all 
other 
outputs 


Icc 
Avg. 
power supply 
current 
12 
20 
mA 


IlL 
Input leakage 
±10 
J.iA 
Exc. pins 63, 65, 
66,67,68 


RIN 
Input pullup 
resistance 
11 
Kn 
Pins 63, 65, 66, 
67,68 


ICL 
Clock 
leakage 
±10 
J.iA 


RIN 
Internal 
pull-up 
resistance 
4 
15 
kn 
*Marked 
pins 
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T14 ~ 
T15 
T17 


14 


1 
•• 
---------------- 


: 
T8 
~ 


i-ii- T9 


121 ~ 
123 
125 


-! 
•• 
-----~-------- 


~ 
T11 
, 
':1 


-.i ;.- T11 


; 
i\ 
\_- 
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\_1 


---------- 
. ,... 
. 
. 


nnunnununununnuunnunununuX 
_ 
\__ 
1 


CD 
CTS 
DSR 
____ 
I 
L 
v 


EXTERNAL 
CLOCK 
:-~------ 
F 


SJ16C553 


START 
BIT--~I~~----------------~.' 


STOP 
BIT-- 


I 


5 DATA 
BITS 


I 
I 
PARITY 
BIT 
NEXT 
I 
I 
I 
DATA 
1"- 
.1 
I 


6 DATA 
BITS 
I 
I 
START 
BIT 
I 
I 
I 
I 


I~ 
-, 
I 


7 DATA 
BITS 
I 
I 
-.i 
i4-- T31 
I 
I 
I 
I 
I 
I 
I 
\ 


I 
I 


I 
I 


I 
I 
I 
I 
I 
I 


I 
I 


I 
I 
T32 
-..i 
i+- 


I 
I 


I 
I 
if 


I 
I 


I 
I 
I 
I 
I 
I 
--~ 
l 
-- 
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RX INPUT 
(First byte) 


START BIT---1<1---------------- 


\__! 


!---lT45 
\J 


ST16C553 


START 
BIT--I" 


STOP 
BIT-- 


Fi rst byte that reaches 
the trigger 
level 


\__ / 


~T45\J 
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START 
BIT--14 


I 
I 
I 
I 
I 


.1 
I 
I 
I~: 
I 
I 


1 


1 
1 


1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
--_ .. 


STOP 
BIT-- 


NEXT 
DATA 
START 
BIT 
I.·..······•······..·················· 
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START BIT--I" 


DATA BITS (5-8) 
STOP BIT 
~I 
__ 


lOW U 


00-07 
~ 


T46 


_____ 
i•• 
~! \'---- 
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u 


~ 


, 
--.i 
~ 
T47 
T46 
. 
I- 
.i ~---i 


______________________ 
~IF,FO 
FULL\ 
_ 
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PDQ-PD7 
STROBE" 
INIT 
AUTOFDX" 
SLCllN" 


i-.l!- T9 


T14 ~ 
T15 
T17 
. 
!---------------- 


___ 
mmmm_m_m_mm 
m 
X-- 
_..-_-·---1 __ 
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-.I 
\~ 
T42 
I;..•.•.••• 
~I.•.•.••......••.••••. 
_. __ 
J 
\_/. 


,... 
~l143 


\ 
/ 
\ 
V 


T40 \~-~! 
~~/ 


~ 
l~ ~ 
~_~~ 
~ 


NORMAL MODE 
. 
INTERRUPT LATCHED MODE SELECT 


-~-_/ 
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FIFO 
RESET 


\_------ 


\ 
INITLOW FORCES STROBE- HIGH 
! 


~----------------------~i 
;.. 
~: 


! 


; 


0-2 CLOCK i++ 


! 
' 


\ i / 


•• 
~. 
1-2 CLOCK 
; 
\~n 
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RESET 
\ 
_ 


v 
v 
v 
v 


~ 
FIFO EMPTY 


! 
! 
~ 
FIFO EMPTY 


; 
~ 
FIFO mode entered after firstSTROBE* 
and ACK* 


. 
STROBE* generated internally 
INTP* generated internally 


•••••••••••••••••••••••••••••••••••••• 
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\~_~I 
; 


FIFO READ 
(INTERNAL) 


PO OUTPUT 
PORTS 


FIFO READ 
(INTERNAL) 


PO OUTPUT 
PORTS 


ST16C553 
en-l 
..•. 
-------------------------------- 
Q)o 
U'I 
U'I 
Co) 


RESET 
\~ 
_ 


\ 
/ 
~ 


PD OUTPUT 
PORT 


LJ 
i.: 
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~STARTECH 
ST78C34 


r DESCRIPTION 
, 


The ST78C34 is a monolithic Bidirectional Parallel 
port designed to operate as ageneral purpose 1/0 port. 
It contains all the necessary inpuUoutput signals to be 
configured as a CENTRONICS printer port. 
The ST78C34 
is a general 
purpose inpuUoutput 
controller with 83 byte internal FIFO. FIFO operation 
can beenabled ordisabled. ForCENTRONICS printer 
operation, all registers are mapped to IBM printer port 
registers. 
The ST78C34 
is designed to operate as normal 
printer 
interface 
without 
any additional 
settings. 
Contents of the FIFO will be cleared after reset or 
setting 
the INIT pin to a low state. The auto FIFO 
operation starts after the first ACK* is received from 
the printer. Contents of the FIFO transfer to the printer 
at the printer loading speed. 


u 
to ~ ~ 3 ~i ~ 1l ~ z 
z 
~ 
i 
~ ~ 
;j 


r FEATURES 
n 
vcc 
, 


• 83 bytes of printer output FIFO 


lOR· 


• Bi-directional software parallel port 
lOW 
• Bi-directional 1/0 ports 
A1 
• Pin-to-pin compatible to ST78C35 
AD 
• Register compatible to IBM XT, AT, compatible 
K2 


386,486 
P07 
• Selectable interrupt polarity 
• Selectable FIFO interrupts 
PD6 


POS 


04 


P03 


02 
P02 


01 
POl 


r ORDERING 
INFORMATION 
n 


DO 
PDO 


N.C. 
GNO 
i 


Part number 
Package 
Operating 
temperature 


INT 
SLCTIN" 


ST78C34CJ44 
PLCC 
O· C to + 70· C 
XTALl 
INIT 
ST78C341J44 
PLCC 
_40· C to + 85· C 
XTAL2 
AUTOFOX· 


ST78C34CP40 
Plastic-Dip 
O· C to + 70· C 
CS· 
STROBE" 


ST78C341P40 
Plastic-Dip 
_40· C to + 85· C 


GNO 


ST78C34 


AD-A2 
CS' 


RMr,MODE 


lOW, lOW" 
RESET 


.....• 
•.... 
<'(f) 
...J 
\i::J 
<. 
~ 
lIII"" 
wZ 
OlD 
I-QO 
•••••• 
~b~ 
~ 
.. 
<:owu. 
["""'llI 
lIII"" 
NO:: 
~15 
.. 
1ii 
w 
...J...J 
•.... 
~1E~ 
1-1-<9 
II1II""'" °ZO 
WO...J 
mo - 
~ 
(f) 


••••• 
Q...J 
......- 
tr°O 
~~~ 
••••• 
I- 
•.. 
;<!;O...J 
0::0 
C- 
o. 
JII"" 
:J() 
Q' 
~(5 - 
UJO 
CLOCK 
1--' 
~ 
CIRCUIT 


ACK',BUSY, 
PE 
SELECT, 
ERROR 


STROBE', 
INIT 
AUTOFDXT* 
SELCTIN 
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Symbol 
Pin 
Signal Type 
Pin Description 


ERROR* 
1 
I 
General purpose input or line printer error (active low). This 
is an output from the printer to indicate an error by holding 
it low during error condition. 


SLCT 
2 
I 
General purpose input or line printer selected (active high). 
This is an output from the printer to indicate that the line 
printer has been selected. 


BUSY 
3 
I 
General purpose input or line printer busy (active high). An 
output from the printer to indicate printer is not ready to 
accept data. 


ACK* 
4 
I 
General purpose input or line printer acknowledge (active 
low). An output from the printer to indicate that data has 
been accepted successfully. 


PE 
5 
I 
General purpose input or line printer paper empty (active 
high). An output from the printer to indicate out of paper. 


INTSEL 
6 
I 
Interrupt select mode (pulled-up). The external ACK* can 
be selected as an interrupt source by connecting this pin to 
the VCC or left open. Connecting this pin to GNO will setthe 
interrupt to latched mode, reading the status register resets 
the INT output. 


00-07 
14-7 
1/0 
Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus. 


N.C. 
15 
No connect. Should be left open for future expansion. 


INT 
16 
0 
Interrupt output (selectable active low or high). To signal the 
state of the printer port. This pin tracks the ACK* input pin, 
When ACK* is low INT is low and when ACK* is high INT is 
high if selected as active low interrupt. 


XTAL1 
17 
I 
Crystal input 1 or external clock input. A crystal 
can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
oscillator circuit. 
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Si91'1alType .•.. 
Pin De$cription 


XTAL2 
18 
0 
Crystal input 2 or buffered clock output. See XTAL 1. 


CS* 
19 
Chip select (active low). A low at this pin enables the 
ST78C34 / CPU data transfer operation. 


GND 
2Q 
0 
Signal and power ground. 


RESET 
21 
Master reset (active high). A high on this pin will reset all the 
outputs and internal registers. 


STROBE* 
22 
I/O 
General purpose I/O or strobe output (open drain active 
low). To transfer latched data to the external peripheral or 
printer. 


AUTOFDXT* 
23 
I/O 
General purpose I/O or line printer auto feed (open drain 
active low). To signal the printer for continuous form feed. 


INIT 
24 
I/O 
General purpose I/O or line printer initialize (open drain 
active high). 
To signal the line printer to enter internal 
initialization routine. 


SLCTIN* 
25 
I/O 
General purpose I/O or line printerselect (open drain active 
low). To select the line printer. 


GND 
26 
0 
Power and signal ground. 


P07-PDQ 
34-27 
I/O 
Bi-directional parallel ports (three state). To transfer data in 
or out of the ST78C34 parallel port. P07-POQ are latched 
during output mode. 


A2 
35 
Address line A2. To select internal registers. 


AQ-A1 
36-37 
Address lines. To select internal registers. 


10W* 
38 
Write strobe (active low). A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


10R* 
39 
Read strobe (active low). A low level on this pin transfers 
the contents of the ST78C34 data bus to the CPU. 


VCC 
4Q 
Power supply input. 
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en-I 


-------------------------------------- 
Ocf 
(")w 
.a:o. 


A1 
AO 
IOW* 
IOR* 


0 
0 
PORT REGISTER 
PORT REGISTER 


0 
1 
STATUS REGISTER * 


1 
0 
CONTROL REGISTER 
COMMAND REGISTER 


1 
1 
ALTERNATE FUNCTION REGISTER 
FIFO BYTE COUNT REGISTER 


The ST78C34 parallel port is designed to operate as 
a normal CENTRONICS printer interface. The port 
contains 83 byte FIFO that may be enabled via bit-7 
of the Alternate Function Register (AFR). After reset, 
the FIFO isdisabled and the partwill function identical 
to the ST16C552. Once the FIFO is enabled via AFR 
bit-7, the port will enter FIFO mode after the first byte 
of data is strobed to the printer and the printer 
responds with either an ACK* or BUSY signal. 


The ST78C34 will remain in FIFO mode until the part 
is reset or INIT is brought low. While in FIFO mode, 
data transfer to the printer will be controlled by the 
printer without any user intervention. The printer port 
also contains a FIFO byte counter that maintains a 
count of the number of bytes remaining in the FIFO. 
The FIFO and the FIFO byte counter are cleared by a 
reset or by a change of state of the INIT pin. All FIFO 
related timing is derived from the clock input to pin 17 
of the part. 


A special parallel port write I read mode is activated 
when INIT is held low, either by writing a "0"to Control 
Register bit-2 or by forcing the INIT pin low. In this 
mode the FIFO read pointer is advanced by reading 
the parallel port instead of the ACK* or BUSY signals. 
The STROBE* output is forced high. This allows the 
user to perform parallel port write and read from 
operations without strobing data to the printer. 


I············.• 
····.············.······· 


FIFO mode. Control Register bit-O is used as the 
STROBE*, Status Register bit-7 is the inverse of the 
BUSY signal, and INT is derived from ACK*. The 
transition into FIFO mode will occur after the first 
STROBE* is generated and the printer responds with 
either an ACK* or BUSY. In FIFO mode, STROBE* is 
generated 
automatically 
and writing 
to Control 
Register bit-O has no effect on STROBE*. Alternate 
Function Register bit 0-2 are used to control the delay 
and width of STROBE*. Handshaking between the 
printer and the ST78C34 may be controlled by bit-3 of 
the Alternate Function Register. Setting this bitto a "1" 
will result in the use of BUSY instead of ACK* for FIFO 
reading and interrupt control. INT will transition low 
when a "1" is written to Control Register bit-Oand will 
transition 
high when 
a write to parallel 
port is 
performed. In FIFO mode, data transfer to the printer 
will be controlled by the printer and will occur at the 
printer's maximum data rate. 


The FIFO byte counter is incremented one count for 
each parallel port write and decremented one count 
for each FIFO read (data taken by printer). A FIFO 
read will be generated at the falling edge of either 
ACK* or BUSY. The byte counter will require two to 
three clock cycles to update. Hence, a read of FIFO 
Byte 
Count 
Register 
(FBCR) 
should 
only 
be 
performed a minimum of three clock after the falling 
edge of either ACK* or BUSY. The counter is reset 
whenever the FIFO is reset. If write to parallel port 
operation is attempted when the FIFO is full, the data 


ST78C34 


will not be written 
into the FIFO and the counterwill 
not 
increment. 


Two interrupt 
modes 
are available 
and are selected 
with the INTSEL 
pin. If this pin is tied low, a latched 


interrupt 
will result. In this mode, INTwili 
transition 
low 
when a "1" is written 
to Control 
Register 
bit-D. A reset 
or reading 
the 
Status Register 
will clear the interrupt. 


If INTSEL 
pin is tied high, INTwili 
transition 
low when 
a "1" 
is written 
to 
Control 
Register 
bit-O and 
will 
transition 
high when 
a write 
to the 
parallel 
port 
is 


issued. 
This 
(non-latched) 
interrupt 
signal 
is always 
available 
in Status 
Register 
bit-6 
regardless 
of the 
state 
of the 
INTSEL 
pin. 
Status 
Register 
bit-2 
will 
always contain the latched 
interrupt 
state.The 
polarity 
of the 
INT pin may 
be inverted 
by setting 
Alternate 
Function 
Register 
bit-6 high. 


The 
ST78C34 
provides 
additional 
programmable 


interrupt 
output options 
by programming 
the Alternate 
Function 
Register 
bit 4-5. INT output can be selected 
as FIFO full or FIFO empty 
interrupt. 


PORT 
REGISTER 
Bi-directional 
printer 
port. 


Writing 
to this registerduring 
output mode will transfer 


the contents 
of the data bus to the PD7-PDO 
ports. 


Reading 
this register 
during 
input mode will transfer 


the 
states 
of the 
PD7-PDO 
to the 
data 
bus. 
This 


register 
will be set to the output 
mode after reset. 


PR BIT 7-0: 
PD7-PDO 
bi-directionall/O 
ports. 


STATUS 
REGISTER 
This register 
provides 
the state of the printer 
outputs 
and the interrupt 
condition. 


SR BIT 1-0: 
This bits are set to "1" normally 
except when AFR bit 
5-4 are both set to "1". 


SR BIT-2: 
Interrupt 
condition. 
0= an interrupt 
is pending 
This bit will be set to "0" atthe 
falling 
edge of the ACK* 
input. 


1= no interrupt 
is pending 
Reading 
the STATUS 
REGISTER 
will set this bit to 
"1". 


SR BIT-3: 
ERROR 
input state. 
0= ERROR 
input is in low state 
1= ERROR 
input is in high state 


SR BIT-4: 
SLCT 
input state. 
0= SLCT 
input is in low state 
1= SLCT 
input is in high state 


SR BIT-5: 
PE 
input state. 
0= PE input is in low state 
1= PE input is in high state 


SR BIT-6: 
ACK* 
input state. 
0= ACK* 
input is in low state 
1= ACK* 
input is in high state 


SR BIT-7: 
BUSY or FIFO full signal. 


0= BUSY 
input is in high state 
1= BUSY 
input is in low state 


FIFO is enabled. 
0= FIFO 
is full 
1= One or more empty 
locations 
in FIFO 


The 
state 
of 
the 
STROBE*, 
AUTOFDXT*, 
INIT, 
SLCTIN* 
pins, and interrupt 
enable 
bit can be read by 
this register 
regardless 
of 
the I/O direction. 
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COM BIT-Q: 
STROBE* input pin. 
0= STROBE* pin is in high state 
1= STROBE* pin is in low state 


COM BIT-1: 
AUTOFDXT* input pin. 
0= AUTOFDXT* pin is in high state 
1= AUTOFDXT* pin is in low state 


COM BIT-2: 
INIT input pin. 
0= INIT pin is in low state 
1= INIT pin is in high state 


COM BIT-3: 
SLCTIN* input pin. 
0= SLCTIN* pin is in high state 
1= SLCTIN* pin is in low state 


COM BIT-4: 
Interrupt mask. 
0= Interrupt (INT output) is disabled 
1= Interrupt (INT output) is enabled 


COM BIT 7-5: 
Not used. Are set to "1" permanently. 


Writing 
to this 
register will set the state of the 
STROBE*, AUTOFDXT*, 
INIT, SLCTIN pins, and 
interrupt mask register. 


CON BIT-O: 
STROBE* output control bit. 
0= STROBE* output is set to high state 
1= STROBE" output is set to low state 


CON BIT-1: 
AUTOFDXT* output control bit. 
0= AUTOFDXT* output is set to high state 
1= AUTOFDXT* output is set to low state 


CON BIT-2: 
INIT output control bit. 
0= INIT output is set to low state 
1= INIT output is set to high state 


CON BIT-3: 
SLCTIN* output control bit. 
0= SLCTIN* output is set to high state 
1= SLCTIN* output is set to low state 


CON BIT-4: 
Interrupt output control bit. 
0= INT output is disabled (three state mode) 
1= INT output is enabled 


CON BIT-S: 
I/O select. Direction of the PD7-PD~ can be selected 
by setting or clearing this bit. 
0= PD7-PDO are set for output mode 
1= PD7-PD~ are set for input mode 


CON BIT 7-6: 
Not used. 


This 
register 
EnlDisables 
FIFO 
operation 
and 
provides additional capabilities to control STROBE*. 
INT and change interrupt functions. 


AFR BIT 0-2: 
Timing select. 
The STROBE* delay and width can be controlled by 
these bits. 


...... 
": • 
TSW· 
AFR 
AFR 
AFR 
TSD 
Bit·2 
Bit~1 
Bit·O 
(clocks) 
(clocks) 
. 


1 
0 
0 
3 
2 
1 
0 
1 
5 
4 
1 
1 
0 
5 
4 
1 
1 
1 
9 
8 
0 
0 
0 
6 
4 
0 
0 
1 
10 
8 
0 
1 
0 
10 
8 
0 
1 
1 
18 
16 
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AFR BIT-3: 
Interrupt source. 
0= ACK* input pin is selected as printer handshaking 
source 
1= BUSY input pin is selected as printer handshaking 
source 


AFR BIT 4-5: 
Interrupt type. State of the INT output pin can be 
selected for one of the following options. 


Bit-5 
Bit-4 
INT output 
SR 
SR 


,. 
bit-a 
bit-6 
., 


a 
0 
Normal mode 
1 
ACK* 
0 
1 
FIFO empty 
1 
FIFO empty 


1 
0 
FIFO full 
1 
FIFO full 


1 
1 
FIFO empty 
0 
FIFO empty 


AFR BIT-6: 
INT output polarity. 
0= Normal. INT output follows the ACK* input 
1= Inverted INT output 


AFR BIT-7: 
FIFO enable I disable function. 
0= FIFO is disabled( default mode). 
1= FIFO is enabled. Internal 83 byte of FIFO is 
enabled. 


State 
and content 
of the 
printer 
FIFO 
can be 


monitored by reading this register. 


FCBR BIT 0-6: 
FIFO byte count. Number of characters left in FIFO. 
FCRB bit-Oisthe LSB bit of the counter and FCRB bit- 
6 is the MSB bit of the counter. 


FBCR BIT-7: 
FIFO state. 
0= FIFO is enabled 
1= FIFO is disabled 


SIGNALS 
RESET STATE 


PDO-PD7 
Unknown, output mode 
STROBE* 
High 
AUTOFDXT* 
High 
INIT 
Low 
SLCTIN* 
High 
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MAG 
REGISTER k07 
; 
/ 
06\ 
·05/ 
....04 
03 
02 
01\ 
DO 
i 
..... 


0 
0 
PR 
PD? 
PD6 
PD5 
PD4 
PD3 
PD2 
PD1 
PD~ 


0 
1 
STR 
BUSY·/ 
None 
PE 
SLCT 
ERROR 
Latched 
1 
1 
FIFO 
Latched 
INT 
full· 
INT 


1 
0 
COM 
1 
1 
1 
INT 
SLCTIN· 
INIT 
AUTO- 
STROBE· 


enable 
FDXT· 


1 
0 
CON 
X 
X 
I/O 
INT 
SLCTIN· 
INIT 
AUTO- 
STROBE· 


select 
mask 
FDXT 


1 
1 
AFR 
FIFO 
INT 
INT 
INT 
INT 
TIMING 
TIMING 
TIMING 
enable 
polarity 
type 
type 
source 
select 
select 
select 
bit-1 
bit-O 
bit-2 
bit-1 
bit-O 


1 
1 
FBCR 
FIFO· 
FBC-6 
FBC-5 
FBC-4 
FBC-3 
FBC-2 
FBC-1 
FBC-O 
status 
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Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


T, 
Clock 
high pulse duration 
50 
ns 


T2 
Clock 
low pulse duration 
50 
ns 
External 
clock 


T3 
Clock 
rise/fall 
time 
10 
ns 


Tg 
Chip select 
setup time 
5 
ns 


T9 
Chip select 
hold time 
0 
ns 


T'2 
Data setup time 
15 
ns 


T'3 
Data hold time 
15 
ns 


T14 
lOW· 
delay from chip select 
10 
ns 


T'5 
lOW· 
strobe width 
50 
ns 


T'6 
Chip select 
hold time from 
lOW· 
0 
ns 


T17 
Write 
cycle delay 
55 
ns 


Tw 
Write 
cycle=T'5+ T17 
105 
ns 


T39 
ACK· 
pulse width 
75 
ns 


T40 
PD7 - PDO setup time 
10 
ns 


T41 
PD7 - PDO hold time 
25 
ns 


T42 
Delay from ACK· 
low to interrupt 
low 
5 
ns 


T43 
Delay from 
lOR· 
to reset interrupt 
5 
ns 


ST78C34 


Supply 
range 
Voltage 
at any pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


7 Volts 
GNO-0.3 
V 
to 
VCC+0.3 
V 
O· C to 
+70· 
C 
-40· 
C to +150· 
C 
500 mW 


" 
LimIts 
Symbol 
parameter 
Units 
Conditions 


.,., 
!VI in 
Typ 
Max. 
., 
." 


VILCK 
Clock 
input low level 
-0.5 
0.6 
V 
VIHCK 
Clock 
input high level 
3.0 
VCC 
V 
VIL 
Input low level 
-0.5 
0.8 
V 
VIH 
Input high level 
2.2 
VCC 
V 


VOl. 
Output 
low level 
0.4 
V 
IOL=6.0 mA 07-00 
IOL=15mA 
P07- 
POO 
IOL=6.0 mA on all 
other outputs 


VOH 
Output 
high level 
2.4 
V 
IOH=-6.0 mA 07- 
DO 
IOH=-12.0 
mA 
P07-POO 


IOH=-150 ~ 
SLCTIN*, 
INIT*,STROBE*, 
AUTOFOXT* 
IOH=-6.0 mA on all 
other outputs 


Ice 
Avg. 
power supply 
current 
12 
20 
mA 


IlL 
Input leakage 
±10 
~ 
Except 
Pins 1-6 


IlL 
Input leakage 
-450 
~ 
Pins 1-6 @ Vin=OV 
RIN 
Input pullup 
resistance 
12 
40 
Kn 
Pins 1-6 
ICL 
Clock 
leakage 
±10 
~ 


•••••••••••••••••••••••••• 
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: T8 
~ 


; 


-.j ~ 
T9 


T14 ~ 
T15 
T17 
I-:·-----~------ 


PDQ-PD7 


~~~::::. 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnX 
nnnnnnnnnnnnnnnnnnnnnnnnn 
nnnnnn.nn 
nn/n. 


SLCTIN* 


EXTERNAL 


CLOCK 


T2 
:. 
., 


~~~-T-1- 


:. 
.1 


;-.::'- 


T3 


ST78C34 


en-I 
----------------------------------~ o 
w~ 


!~ 
'\ 
Ii 
\__ . 
\_~/ 


T42 +i ~\_/ 
\_-_/ 


••••••••••••••••••• 
\ 
v 
~.~I 
\ 
/ 


T40 ,,~-~! 


I~ 
.: 
, 


~--------~-----------~---~---------------------~ 


NORMAL 
MODE 
INTERRUPT 
LATCHED 
MODE 
SELECT 


INTSEL 
---- 
~/ 


-.i 
I+-T41 


PDO-P 07 
_n_.__n_h__n_n_x.-n-n~~:I~n~~~-~-h-h-X_~..-_..-_..-_.-._.-._.-._.-._.-._- 
.._-.._-.._-.._-.._-.._-.._-.._-..-_..-_..-_..-_.-._.-._.-._.-._- 
.._-.._-.._-.._-.._-.._-.._-.. 
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FIFO 
RESET 


\~------ 


\~ 
IN_IT_LO_W_F_O_R_C_E_S_S_T_R_O_B_E_. 
H_I_G_H 
~r 


; 


0-2 
CLOCK 
~ 
11 


0-2 
CLOCK 
-.: 
; 
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en::j 
-------------------------------------- 
00o 
w~ 


RESET 
\ 
_ 


•••••••••••••••••••••• 


v 
v 
v 
v 


~ 
FIFO EMPTY 
, 
! 
~ 
FIFO EMPTY 


i!+ FIFO mode entered after first STROBE· and ACK· 
. 
STROBE· generated internally 
INTp· generated internally 
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\ 
I 
~ 
~ 
;~------! 


0-2ClOCK 
~ 


FIFO READ 
~!! 
(INTERNAL) 
. 


PD OUTPUT 
PORTS 


; 


2-4CLOCK~ 


FIFO READ 
; 


(INTERNAl) 
~/ 


PD OUTPUT 
PORTS 


,~ 
., 
TSD 
-----------~\ 
j 
~-_: 
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RESET 
\ 
_ 


PO OUTPUT 
PORT 


u 
' 
, 
. 
. 


! 
! 
I" 
.'Oll 
.: 


TSO 
TSW 
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r DESCRIPTION 


I 
The ST84C01/02 is a single channel Infrared receiver 
andtransmitter, designed for wireless peripheral com- 
munications. It meets the standard IrDa specification 
for wireless applications. The ST84C01 isoffered with 
standard and programmable custom frequencies. The 
ST84C01 
can 
interface 
directly 
to ST16C450, 
ST16C550, and ST16C650 products. 
ST84C01/02 is designed in a 1.2~ process to achieve 
115.2k baud transmission rate. 


r FEATURES 


I 
• Selectable transmit/receive bit rate 
• Low power single 5V CMOS technology 
• 8,14 pin DIP or SOIC package. 
• Crystal oscillator circuit on board 


r ORDERING 
INFORMATION 


F 
. 
. 
... 
_.... 
. 
_. 
.. 
.._. 


Part number 
ST84C01CP8 
ST84C01CF8 
ST84C01CP14 
ST84C01 CF14 
ST84C02CP8 
ST84C02CF8 


Package 
Operating temperature 
Plastic-DIP 
O· C to +70· 
C 
SOIC 
O· C to +70· C 
Plastic-Dip 
O· C to +70· C 
SOIC 
o· C to +70· C 
Plastic-DIP 
o· C to +70· C 
SOIC 
o· C to +70· C 
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~ 


8 
VCC 


~ 


7 
TX 


6 
IRTX 


II> 
GND 
4 
5 
RESET 


EXCLK 
1 
~ 
8 
vcc 


RX 
2 
~ 
7 
TX 


IRRX 
3 
~ 
6 
IRTX 


II> 
GND 
4 
5 
RESET 


14 
A3 


13 
VCC 


...• 
6 
12 
TX 


~ 


11 
IRTX 


IRRX 
5 
10 
RESET 
II> 
GND 
6 
9 
A2 


AO 
7 
8 
A1 


ST84C01 


XTAL2 


XTAL 1 
OSCILLATOR 
CIRCUIT 
BAUD RATE 
DIVIDER 
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Symbol 
Pin 
Signal Typ~ 
.. i 
Pin Description 


)\ 
,)( 
.,. 
t> 
.'..... 
..... 
, 


BCLK 
1 
0 
Buffered clock output. To drive external UART clock. 


XTAL1 
2 
I 
Crystal or External Clock input. A crystal can be connected 
to this pin and XTAL2 pin to generate internal reference 
clock. For external clock application, XTAL2 is left open or 
used as buffered clock output. 


XTAL2 
3 
0 
Crystal clock output. 


RX 
4 
0 
Receive data output. Standard UART data output for 8 bits 
wide word with 1 start and stop bits recovered from IRRX 
receive data. 


IRRX 
5 
I 
Infrared receive data input. 


GND 
6 
0 
Supply ground. 


AO 
7* 
I 
Address select O. To select the internal preprogrammed 
data rates. 


A1 
8* 
I 
Address select 1. To select the internal preprogrammed 
data rates. 


A2 
9* 
I 
Address select 2. To select the intemal preprogrammed 
data rates. 


RESET 
10 
I 
Reset input (active high). To reset internal counters, re- 
ceiver and transmitter. 


IRTX 
11 
0 
Infrared transmit data output. Converted standard UART 8 
bits wide word with 1 start and stop bit to IrDa specified 
pattern. 


TX 
12 
I 
Transmit data input. Standard UART data input for 8 bits 
wide word with 1 start and stop bits. 


VCC 
13 
I 
Positive supply input. 


A3 
14* 
I 
Address select 3. To select the internal preprogrammed 
data rates. 


I··•••••·••• 
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16 X BAUD rate clock input. User selectable transmit and 
receive data rates. This pin can beconnected to ST16C4501 
550 baud-out pin. 


Receive data output. Standard UART data output for 8 bits 
wide word with 1 start and stop bits converted from IRRX 
receive data. 


Reset input (active high). To reset internal counters, re- 
ceiver and transmitter. 


Infrared transmit data output. Converted standard UART 8 
bits wide word with 1 start and stop bit to IrDa specified 
pattern. 


Transmit data input. Standard UART data input for 8 bits 
wide word with 1 start and stop bits. 


ST84C01 


Symbol 
Pin 


, 
Signal 
Type 


."'" 
Pin Des(:l'Iption'" 
., 
·'·i,· 
..".,. 


,. 
,. 
'" 
.' 


EXCLK 
1 
I 
1.8432 MHz clock input. Forcustom data rates, see the data 
rate selection table. 


RX 
2 
0 
Receive data output. Standard UART data output for 8 bits 
wide word with 1 start and stop bits converted from IRRX 
receive data. 


IRRX 
3 
I 
Infrared receive data input. 


GND 
4 
0 
Supply ground. 


RESET 
5 
I 
Reset input (active high). To reset internal counters, re- 
ceiver and transmitter. 


IRTX 
8 
0 
Infrared transmit data output. Converted standard UART 8 
bits wide word with 1 start and stop bit to IrDa specified 
pattern. 


TX 
7 
I 
Transmit data input. Standard UART data input for 8 bits 
wide word with 1 start and stop bits. 


VCC 
8 
I 
Positive supply input. 


AO 


., 


A3 
A2 
A1 
BAUD 
DIVISOR 
RATE 


0 
1 
0 
1 
600 
192 
0 
1 
1 
0 
1200 
96 
0 
1 
1 
1 
2400 
48 
1 
0 
0 
0 
3600 
32 
1 
0 
0 
1 
4800 
24 
1 
0 
1 
0 
7200 
16 


1 
0 
1 
1 
9600 
12 
1 
1 
0 
0 
19.2k 
6 
1 
1 
0 
1 
38.4k 
3 
1 
1 
1 
0 
57.6k 
2 
1 
1 
1 
1 
115.2k 
1 
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Supply 
range 
Voltage 
at any pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


Input low level 
Input high level 
Output 
low level 
Output 
high level 
Input low current 
Input high current 
Operating 
current 
Input pull-up 
resistance 


-100 
1 
1.2 
65 


,.. 
. 


·\.Syml:'qr 


7 Volts 
GND-0.3 
V 
to 
VCC+0.3 
V 
O· C to +70· C 
_40· C to +150· 
C 
500 mW 


IOL = 6.0 mA 


IOH = 6.0 mA 
Pin 3 only 
VIN=VcC 
Pin 3 


No load. 


CLOCK 
rise time 
CLOCK 
fall time 
0.5V - 2.8V 
2.8V - 0.5V 
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I 


I••• 


1 


1 
: ffi: •••••----- 
Data Bits 


I 
Ci5 
I 


I 
I 


1 


~I 


1 


1 


•• 
I 
a. 
1 


-----' 
•••• 
11"';1 
.8 
1 


I en 
I 


I 
I 
I 
I 
I 
I 
~ 
!.-- 1/2 Bit Time 
, 
II 


3/16 Bit Time 
~ 
~ 


I 
1 
I 
I 
I~BitTime 
I 
I 


I 
1 
:+-+: Bit Time 


II 
II 


----.: 
:'-0-1 
16xclock 


I 
delay 


ffi: -•••~-- 


I 
Ci5 
I 
I.... 
' 
I.••• 
I 
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r DESCRIPTION 


i 


The ST84C72 is designed to replace all necessary 
TTL logics for 16 bit IDE interface and decode logic for 
floppy controller and serial I parallel 110 ports. A select 
pin is provided to select primary or secondary address 
for hard and floppy decodes. On board crystal oscilla- 
tor circuit provides 16, 9, and 1.8461 MHz clock 
outputs for some floppy controllers and uart from 48 
MHz external crystal connected to ST84C72. 


r FEATURES 


I 


• Low power CMOS design 
• Direct bus connect 
• Replacement for more than 7 TTL parts 
• High speed for new design 
• Selectable 
1/0 decode ports. ( COM1-COM4, 
LPT1-LPT2 ) 
• Floppy address decode 
• Pin selectable primary and secondary address 
decodes 


r ORDERING 
INFORMATION 


f 


Part number 
ST84C72CJ68 


Package 
PLCC 


Operating 
temperature 
00 C to +700 
C 
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Symbol 
Pin 


: 
Sigllal TYPfJ 
Pin Description 


SAD-SA2 
28-30 
I 
Host address lines AO-A2. 


SA3-SA9 
33-40 
I 
Host address lines A3-A9. 


SA10 
43 
I 
Host address line A10. 


SALE 
32 
I 
Host address latch enable (active high). 


SAEN* 
42 
I 
Host address enable (active low). All decoded addresses 
are valid when SAEN* is low. 


SIOW* 
41 
I 
Host 1/0 write signal input (active low). Buffered data bus 
(B07-BOO) are gated with SIOW*, SIOR* and 1/0 decoded 
addresses to insure proper valid data time slots. 


SIOR* 
40 
I 
Host 1/0 read signal input (active 10w).Buffered data bus 
(B07-B07) are gated with SIOR*, SIOW* and 1/0 decoded 
addresses to insure proper valid data time slots. 


SOO-S07 
46-53 
1/0 
Host data bus. 


SRESET* 
55 
I 
Host system reset (internally pulled up, active low). This pin 
is used to set internal clock dividers to known state. For 
normal operation this pin should be left open or connected 
to VCC. 


XTAL1 
17 
I 
Crystal or external clock input. A crystal can be connected 
between XTAL 1 and XTAL2 with some additional filters to 
generate 48 Mhz clock frequency for floppy controller and 
UART clock. This pin can be connected to VCC or GNO if 
CLK16, CLK9.6 and CLK1.8 are not used. 


XTAL2 
18 
0 
Crystal output. This pin should be left open if external clock 
is used to connect to XTAL1 or clock is not used. 


LPT1* 
58 
0 
Line printer enable (active low). Primary printer enable 
signal. Oecoded for address 378 Hex (LPT1). 


LPT2* 
60 
0 
Line printer enable (active low). Secondary printer enable 
signal. Oecoded for address 278 Hex (LPT2). 
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COM1* 
67 
0 
Serial communication select pin (active low). Decoded 
for 3F8 Hex (COM-1). 


COM2* 
65 
0 
Serial communication select pin (active low). Decoded 
for 2F8 Hex (COM-2). 


COM3* 
63 
0 
Serial communication select pin (active low). Decoded 
for 3E8 Hex (COM-3). 


COM4* 
61 
0 
Serial communication select pin (active low). Decoded 
for 2E8 Hex (COM-4): 


CLK1.8 
56 
0 
1.8461 Mhz clock output generated from 48 Mhz crystal 
(crystal frequency or external clock divide by 26). This 
clock can substitute the standard 1.8432 Mhz serial 
communication clock. 


IOEN 
45 
Serial and parallel port access. Connecting this pin to pin 
44 (RDOUT) of the ST16C452, ST16C552, orST16C553 
enables the BDo-BD7 to access the serial and parallel 
ports. This pin should be tied to GND if external serial! 
parallel ports are not used. 


FDCEN* 
15 
Floppy controller enable/disable (internally pulled up). 
Floppy controller select is disabled when this pin is left 
open or connected to VCC. Floppy controller can be 
selected when this pin is connected to host SA7 pin 
(primary selection address 3F7, 3F5, 3F4 and 3F2 Hex) 
or A7* output pin of the ST84C72 (secondary selection 
address 377, 375, 374 and 372 Hex). 


FOR* 
22 
0 
Floppy controller address decode (372/3F2 Hex). 


FCS* 
23 
0 
Floppy controller address decode (377/3F7 Hex). 


FCR* 
24 
0 
Floppy controller address decode (374-5/3F4-5 Hex). 


CLK16 
20 
0 
16 Mhz clock output generated from 48 Mhz crystal ( 
crystal frequency or external clock divided by 3). 
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Symbol 
Pin 
Signal 
Type 
Pin Description 


" 


. 


CLK9.6 
21 
0 
9.6 Mhz clock output generated 
from 48 Mhz crystal (crystal 
frequency 
or external 
clock divide 
by 5). 


IOCS16* 
25 
I 
IDE 16 bit data transfer 
enable 
(internally 
pulled up, active 
low). 
This 
pin enables 
the 
external 
74LS245 
bus driver 
(HIBEN*) 
when IDE port is selected 
and 16 bit data transfer 
is required. 


IDEEW 
14 
I 
IDE 
Enable/Disable 
(internally 
pulled 
up). 
IDE select 
is 
disabled 
when this pin is left open or connected 
to VCC.IDE 
controller 
can be selected 
when this pin is connected 
to A7* 
output pin of the ST84C72 
(primary 
selection 
address 
3FO- 
3F7 and 1FO-1 F7 Hex) or host address line SA 7 (secondary 
selection 
address 
370-377 
and 170-177Hex). 


IDE1* 
4 
0 
IDE drive/register 
select-1 
(active 
low). 
When 
IDEEW 
is 
enabled 
via SA7, this pin is enabled 
when I/O port address 
3F6 or 3F7 Hex is accessed. 
When 
IDEEW 
is enabled 
via 
A7* pin, IDE1 * is enabled 
when I/O port address 
376 or 377 
Hex is accessed. 


IDEO* 
1 
0 
IDE drive/register 
select-O 
(active 
low). When 
IDEEW 
is 
enabled 
via SA7, this pin is enabled 
when I/O port address 
1FO-1 F7 Hex is accessed. 
When IDEEW 
is enabled via A 7* 
pin, IDEO* is enabled when I/O port address 
170-177 
Hex is 
accessed. 


HIBEW 
26 
0 
High order data bus enable. 
This pin enables 
the external 
74LS245 
data 
buffer 
(host SD8-SD15) 
when 
IOCS16* 
is 
active 
and IDE port is selected. 


AO-A1 
11-10 
0 
Buffered 
host addresses 
AO and A 1. 


A2 
13 
0 
Buffered 
host address 
A2, 


A7* 
16 
0 
Inverted 
host address 
line SA7. This pin is used to primary 
IDE and floppy 
controller. 


BD3-BDO 
5,2,68,66 
I/O 
Buffered 
LSB of low order host data bus (SDO-SD3). 
These 
bits are set to input mode when SIOW* 
is low. 
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B04-B06 
64,62,59 
I/O 
Buffered MSB of low order host data bus (S04-S06). These 
bits are set to input mode when SlOW· is low. 


B07 
57 
1/0 
Buffered 
host data bit -7 (S07). This bit goes to 
high 
impedance when address 3F7 or 1F7 Hex is accessed 
during 1/0 read operation. B07 is set to input mode when 
SlOW· is low. 


ALE 
9 
0 
Buffered host address latch (SALE). 


lOR· 
8 
0 
Buffered host 1/0 read signal (HIOR·). 


lOW· 
7 
0 
Buffered host 1/0 write signal (HIOW·). 


GNO 
6,19,31,54 
0 
Signal and power ground. 


VCC 
3,12,27,44 
I 
Power supply input. 
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Supply 
range 
Voltage 
at any pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


7 Volts 
GND-0.3 
V to 
VCC+0.3 
V 
O· C to +70· C 
_40· C to +150· 
C 
500 mW 


P~r~m~ter 
l-.i111!tli 
.'Unitlii 


·Min·' 
·Typ· 
Max 


VILCK 
Clock 
input low level 
-0.5 
0.6 
V 
VIHCK 
Clock 
input high level 
3.0 
VCC 
V 
VIL 
Input low level 
-0.5 
0.8 
V 
VIH 
Input high level 
2.2 
VCC 
V 


VOL 
Output 
low level on all outputs 
0.4 
V 
IOL= 6 mA 
VOH 
Output 
high level 
2.4 
V 
IOH=-6 mA 


Ice 
Avg power supply 
current 
15 
mA 


IlL 
Input leakage 
±10 
IJA 
ICL 
Clock 
leakage 
±10 
IJA 
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I DESCRIPTION 
, 


The ST37C65 Floppy Disk Subsystem Controller isan 
LSI device that provides all the needed functionality 
between the host processor and the floppy disk drive. 
This "super-chip' integrates the following functions: 
formatter 
/ controller, 
data 
separation, 
write 
precompensation, data rate selection (to a maximum 
of 1Mbit per second), and clock generation. It also 
provides interface drivers and receivers forthe floppy 
drive. 
The ST37C65 is functionally compatible pin-for-pin 
with the WD37C65C. In addition the ST37C65 Sup- 
ports a power down mode for laptop and portable 
systems. 


r FEATURES 


I 
• IBM· PC AT· compatible format (single and double 
density) 
• BIOS compatible, supports dual speed spindle 
drives 
• Address mark detection circuitry (internal to floppy 
disk controller) 
• Multi-sector and multi-track transfer capability 
• Direct floppy 
disk drive 
interface 
(no buffers 
needed) 
.48 
mA sink output drivers 
• Automaticwrite pre-compensation Disable option, 
Pin selectable inner track values of 125 or 187 
nanoseconds 
• Integrated high-performance DPLL data separa- 
tor, industry standard error rates of <1OE-9 
• Data rates of 125, 250, 300, 500 Kbits/second and 
1 Mbitlsecond 
• User programmable track stepping rate and head 
load/unload times 
• Supports four floppy drives 


r ORDERING INFORMATION 


I 


Part number 
ST37C65CJ44 
ST37C65CP40 


Package 
PLCC 
Plastic-Dip 


Operating 
temperature 
O· C to + 70· C 
o· C to + 70· C 
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PLCC Package 


~ ~ ~ ~ ~ ~ § ~ • ~ ~ 


~ ~ Ii ~ ~ ~ ~ ~ ~ ~ ~ 


DIP 
Package 


vcc 


lOX' 


TROO' 


WP" 


RWC'/RPM' 


HDL' 


M02* /DS4' 


01 
M01'/DS3' 


DS2' 


03 
GNO 


Do4 
OS1' 


05 
STEP< 


D6 
OIRC' 


07 
WO' 


OMA 
WE' 


IRQ 
HS' 


LDOR' 
PCVAL 


LDCR' 
CLK1 


RST 
19 
22 
ORV 


ROD' 
20 
21 
CLK2 
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____ 
W_RIT_E 
I.- 
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HS·,HOL·,STEp· 
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WE· 
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Symbol 
Pin 
Signal Type 
Pin Description 


RD* 
1 
I 
Read signal (active low). Control signal for transfer of data 
or status onto the data bus by the ST37C65. 


WR* 
2 
I 
Write signal (active low). Control signal for latching data 
from the bus into the ST37C65 buffer register. 


CS* 
3 
I 
Chip select (active low). Selected when low allowing RD* or 
WR* operation from the host. 


AO 
4 
I 
Address line 1. Address line selecting data or status infor- 
mation. 


DACK* 
5 
I 
DMAACKNOWLEDGE (active low). Used by DMA control- 
lerto transfer data from the ST37C65 onto the bus. AT/EISA 
mode, this signal isqualified by DMAEN from the Operation 
Register. 


TC 
6 
I 
Terminal 
Count (active high). This signal indicates to 
ST37C65 that data transfer is complete. If DMA operation 
mode is selected for command execution, TC will be 
qualified by DACK*, but not in the programmed I/O execu- 
tion. In AT/EISA or Special mode, qualification by DACK* 
requires the Operation Register signal DMAEN to be logi- 
cally true. Note also AT/EISA mode, TC will be qualified by 
DACK*, whether in DMA or non-DMA host operation. Pro- 
grammed I/O in AT/EISA mode will cause an abnormal 
termination error at the completion of a command. 


DBO-DB7 
7-14 
110 
Data bus. 8 bit, bi-directional, three state, data bus. DBOid 
the least significant bit and DB7 is the most significant bit. 


DMA 
15 
0 
Direct Memory Access (three state, active high). DMA 
request for byte transfers of data. In Special or AT/EISA 
mode, this pin isthree stated, enabled bythe DMAEN signal 
from the Operation Register. This pin is driven in the Base 
mode. 


IRQ 
16 
0 
Interrupt (three state, active high). Interrupt request indicat- 
ing the completion of command execution or data transfer 
requests (in non-DMA mode). Normally driven in Base 
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mode. In Special AT/EISA mode, this pin is three stated, 
enabled by DMAEN signal from the Operation Register. 


Disk Change Enable (active low). This input must be at logic 
"0' to enable DCHG* input status at pin 40 to be placed on 
bit-7 of the data bus during RD* of LDCR*. It has internal 
pull-up. 


Load Operations Register (active low). Address decode 
which enables the loading of the Operation Register. Inter- 
nally gated with WR* creates the strobe which latches the 
data bus into the Operations Register. 


Load Control Register (active low). Address decode which 
enablesloading of the Control Register. Internally gated 
with WR* create the strobe which latches the two LSBs from 
the data bus into the Control Register. 


Reset 
(active 
high). 
Resets 
controller, 
placing 
microsequencer in idle. Resets device outputs. Puts device 
in Base mode, not PC AT or Special mode. 


Read Disk Data. This is the raw serial bit stream from the 
disk drive. Each falling edge of the pulses represents a flux 
transition of encoded data. 


Clock-2. TTL level clock input used for non-standard data 
rates; is9.6 MHz for300 kb/s, and can only beselected from 
the Control Register. 


Crystal oscillator drive output. A crystal oscillator 
is con- 
nected from this pin to XTAL2i pin. This pin should be left 
floating if TTL inputs used at pin XTAL2i. 


Crystal oscillator or External clock input pin. Used for non- 
standard data rates. 


Drive Type. This input indicates to the device that a two 
speed spindle motor is used if logic is "0". In that case, the 
second clock input will never be selected and must be 
grounded. 
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*CLK1 
23 
Clock1. TTL level clock input is usedto generate all internal 
timing for standard data rates. Frequency must be 16 MHz 
±0.1% or32 MHz±0.1%, and may have 40/600r60/40duty 
cycle. 


XTAL10 
25 
0 
Crystal oscillator drive output. A crystal oscillator 
is con- 
nected from this pin to XTAL 1i pin. This pin should be left 
I 
floating if TTL inputs used at pin XTAL 1i. 
II 


XTAL1i 
26 
Crystal oscillator or External clock input pin. Requires 16 
MHz or 32 MHz crystal. This oscillator is used for all 
standard data rates, and may be driven with TTL level 
signal. 


PCVAL 
27 
Pre-Compensation Value. This pin determines the amount 
of write pre-compensation used on the inner tracks of the 
diskette. Logic "1" = 125 ns, logic "0" = 187 ns. If the data 
defeat option is used, PCVAL is unimportant and pre- 
compensation is disabled. 


HS* 
28 
0 
Head Select (active low). High current driver (HCO) output 
selects the head (side) of the floppy disk that is being read 
or written. Logic "1" = side O. 


WE* 
29 
0 
Write Enable (active low). The output becomes true, just 
prior to writing on the diskette. This allows current to flow 
through the write head. 


WO* 
30 
0 
Write Oata. Each falling edge of the encoded data pulse 
stream causes a flux transition on the media. 


OIRC* 
31 
0 
Oirection (active low). 01RC*determines the direction ofthe 
head stepper motor. Logic "1" = outward motion. 


STEP* 
32 
0 
Step Pulse (active low). STEP* output issues an active low 
pulse for each track to track movement of the hrad. 


OS1* 
33 
0 
Orive Select-1 (active low). It enables the interface to this 
disk drive. This signal comes from the Operation Register. 
In Base mode, or Special mode, this output is#1 ofthe four 
decoded Unit Selects, as specified in the device command 


4-41 
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Drive Select-2 (active low). It enables the interface to this 
disk drive. This signal comes from the Operation Register. 
In Base mode, or Special mode, this output is #2 ofthe four 
decoded Unit Selects, as specified in the device command 
syntax. 


Motor On enable for disk drive #1 (active low). This signal 
comes from the Operation Register. In Base mode, or 
Special mode, this output is #3 of the four decoded Unit 
Selects, as specified in the device command syntax. 


Motor On enable for disk drive #2 (active low). This signal 
comes from the Operation Register. In Base mode, or 
Special mode, this output is #4 of the four decoded Unit 
Selects, as specified in the device command syntax. 


Head Load (active low). When HDL* is low, causeslhe head 
to be loaded againt the media in the selected drive. 


Readuced Write Current / Revolutions Per Minute (active 
low). When low, causes a Reduced Write Current when bit 
density is increased toward the inner tracks, becoming 
active when tracks >28 are accessed. This condition isvalid 
for Base or Special mode, and is indicative of when write 
pre-compensation is necessary. In the AT/EISA mode, this 
signal will be active when CRO=1. 


Disk Change (active low). This input senses status from the 
drive. Active low indicates that drive door is open orthat the 
diskette has possibly changed since the last drive selection. 
It has internal pull-up. 


Write Protected (active low). This input senses status from 
disk drive, indicating active low when a diskette is Write 
Protected. 
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ST37C65 includes data separation designed to ad- 
dress high performance error rate on floppy disk 
drives. It contains all the necessary Logic to achieve 
classical 2nd order, type 2, phase locked-loop perfor- 
mance. Write pre-compensation is included, in addi- 
tion to the usual formatting, encoding/decoding, step- 
per motor control, and status sensing functions. All 
inputs areTIL compatible Schmitt Trigger line receiv- 
ers, and outputs are high current, open drain, with 48 
mA drivers which meet the ANSI specification. 


The host interface supports an 8 or 12 
MHz, 286 
microprocessor buswithoutthe use of wait states. The 
inputs are Schmitt Triggers. Output drive capability is 
20 LS-TIL 
loads, allowing direct interconnection to 
bus structures without the use of buffers or transceiv- 
ers. For PC, PC AT and EISA applications, qualifica- 
tion of interrupt request and DMA request is provided. 


Traditionally, data rate selection, drive selection, and 
stepper motor control have been output ports of the 
host processor architecture. In the ST37C65, these 
functions are latched into registers addressed within 
the I/O mapping of the system. The ST37C65 has 
eight internal registers. The eight bit main status 
register 
contains 
status 
information 
about 
the 


drive, indicating active lowwhen the head is positioned over 
the outermost track, Track 00. 


Index (active low) This input senses status from disk drive, 
indicating active low when the head is positioned over the 
begining of a track marked by an index hole. 


ST37C65 and may be accessed any time. Another 
four status registers under system control also give 
various status and error information. The. Control 
Register provides support logic that latches the two 
LSBs used to select the desired data rate that controls 
internal clock generation. The Operations Register 
replaces the standard latched port used in floppy 
subsystems. These registers are incorporated into the 
ST37C65. 


CLOCK GENERATION 
SCLK - Sampling Clock, WCLK- Write Clock, and 
MCLK - Master Clock, are included in the ST37C65. 
XTAL oscillator circuits provide the necessary signals 
for internal liming when using the 44 pin PLCC. If the 
40 pin DIP is used, the TTL level clock inputs must be 
provided. 
There are two oscillator 
inputs to the 
ST37C65. The first at 32 MHz that handles all stan- 
dard data rates (1Mb/sec, 500,250, and 125 kb/sec or 
16 MHz to handle 500, 250, and 125 Kb/sec.). The 
second oscillator is at 9.6 MHz to support the 300 kb/ 
sec data rate used in PC AT designs. 
Some AT compatibles use two-speed disk drives. If a 
two speed disk drive is used, the DRV input should be 
grounded along with the CLK2 input. 
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ARCHITECTURE 
The ST37C65 Floppy Disk Subsystem Controller is an 
LSI device that provides all the needed functionality 
between the host processor and the floppy disk drive. 
This "super-chip· integrates formatter/controller, data 
separation, write precompensation, data rate selec- 
tion, clock generation, drive interface drivers and 
receivers. 


HOST INTERFACE 
The host interface is the Host Microprocessor Periph- 
eral Bus. This bus is composed of eight control signals 
and eight data signals. In the Special or AT/EISA 
modes IRQ and DMA request are three-stated and 
qualified by DMA enable which is provided by the 
Operations Register. The data bus, DMA, and IRQ 
outputs are designed to handle 20 LS-TTL loading. 
Inputs are Schmitt Trigger receivers and can be 
hooked up to a bus or back plane without any addi- 
tional buffering. 


During the Command or Result phases, the Main 
Status Register must be read bythe processor before 
each byte of information iswritten into or read from the 
Data Register. After each byte of data is read from or 
written into the Data Register, the CPU waits for 12lJS 
before reading the Main Status Register. Bits D6 and 
D7 in the Main Status Register must be in a 0 and 1 
state, respectively, before each byte ofThe command 
word may be written into the ST37C65. Many of the 
commands require multiple bytes. As a result, the 
Main Status Register must be read prior to each byte 
transfertothe ST37C65. During the Result phase, Bits 
D6 and D7 in the Main Status Register must both be 
1's (D6=1 and D7=1) before reading each byte from 
the Data Register. 


Note that this reading of the Main Status Register 
before each byte transfer to the ST37C65 is required 
only in the Command and Result phases, and not 
during the Execution phase. Note also that DB6 and 
DB7 in the MSR can be polled instead of waiting 12lJS. 


During the Execution phase, the Main Status Register 
need not be read. If the ST37C65 is in the non-DMA 
Mode, then the receipt of each data byte (ST37C65 is 
reading data from the FDD) is indicated by an interrupt 
signal on pin 16 (IRQ=1). The generation of a Read 
signal (RD*=O)clears the interrupt and sends the data 


onto the data bus. If the processor cannot handle 
interrupts fast enough (every 13lJSforthe MFM mode 
and 27lJSforthe FM mode), then it may poll the Main 
Status Register and bit D7 (RQM) functions as the 
Interrupt signal. If aWrite Command is in process then 
the WR* signal performs the reset to the Interrupt 
signal. 


All timings mentioned above double for mini floppy 
data rates. 
Note that in the non-DMA mode it is necessary to 
examine the Main Status Register to determine the 
cause of the interrupt since it could be a data interrupt 
or a command termination interrupt, either normal or 
abnormal. If the ST37C65 is in the DMA mode, no 
interrupt signals are generated during the Execution 
phase. The ST37C65 generates DMA's (DMA Re- 
quests) when each byte of data is available The DMA 
Controller responds to this request with both DACK*= 
o (DMA Acknowledge) and an RD*=O (Read signal). 
When 
the 
DMA Acknowledge 
signal 
goes 
low 
(DACK*= 0), the DMA Request is cleared DMA= 0) If 
aWrite Command has been issued, then a WR* signal 
will appear instead of RD*. Afterthe Execution phase 
has been completed (Terminal Count has occurred) 
The EOT sector read/written, then an Interrupt will 
occur (IRQ=1) this signifies the begining of the result 
phase. When the first byte of data is read during the 
Result phase, the interrupt is automatically cleared 
(IRQ=O). Note that in PC AT usage, non-DMA Host 
transfers are not the normal procedure. If the user 
chooses to do so, the ST37C65 will successfully 
complete commands, but will at ways give abnormal 
termination error status since TC is qualified by an 
inactive DACK*. The RD* or WD* signals should be 
asserted while DACK* is true The CS* signal is used 
in conjunction with RD* and WR* as gating function 
during programmed I/O operations. CS* has no effect 
during DMA operations. It the non-DMA mode is 
chosen, the DACK signal should be pulled up to VCC. 


Note that during the Result phase all bytes shown in 
the Command Table must be read. 
The Read Data Command, for example has several 
bytes of data inthe Result phase. All seven bytes must 
be read in order to successfully complete the Read 
Data command. The ST37C65 will not accept a new 
command until all seven bytes have been read. Other 
commands may require fewer bytes to be read during 
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the Result phase. The ST37C65 contains five Status 
Registers. The Main Status Register mentioned may 
be read by the processor at any time. The other four 
Status Registers (STO,ST1, ST2, and ST3) are avail- 
able only during the Result phase and may be read 
only after completing a command. The particular 
command that has been executed determines how 
many of the Status Registers will be read. 


The bytes of data which are sent to the ST37C65 to 
form the command phase, and are read out of the 
ST37C65 in the result phase, must occur in the order 
shown in the Command table. The command code 
must be sent first and the other bytes sent in the 
prescribed sequence. No foreshortening of the Com- 
mand or Result phases is allowed. After the last byte 
of data in the command phase issent to the ST37C65, 
the Execution phase automatically starts. In a similar 
fashion, when the last byte of data is read out in the 
result phase, the command is automatically ended 
and the ST37C65 is ready for a new command. 


CONTROL REGISTER 
The Control Register is a write only register that is 
usedto set the data transfer rate and disable write pre- 
compensation. It provides support logic that latches 


the two LSBs of the data bus upon receiving LDCR* 
and WR*. CS* should not be active when this hap- 
pens. These bits are used to select the desired data 
rate, which in turn controls the internal clock genera- 
tion. Clockswitch over isinternally "deglitched", allow- 
ing continuous operation after changing data rates. If 
the Control Register is not used, the data rate is 
governed by the supplied clock or crystal. The fre- 
quency must be 64 times the desired MFM data rate. 
This implies a maximum data rate of 250 kb/s for a 
frequency of 16 MHz or a maximum data rate of 500 
kb/s for a frequency of 32 MHz, unless the Control 
Register is used. Switching of this clock must be 
"g)itchess· or the device will need to be reset. Table 1 
and Table 2 present the Control Registerconfiguration 
for 16 MHz and 32 MHz frequencies, respectively. 


ST37C65 optionally supports 150 kbits FM data trans- 
fer rate. The Control Register configuration is shown 
in Table 3. The 150 kb/s data rate can be selected by 
using a 9.6 MHz XTAL or TTL level clock input on pin 
26 (44-pin PLCC) or pin 23 (40-pin DIP). Only two data 
transfer rates can be selected with this configuration 
150 kb/s FM and 300 kb/s MFM. 
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CR1( 
CRG 
CPMMl=fJTS 


, 


RPM(AT/EISA mo#~) 
,."., 
."-':':". 


0 
0 
X 
500 k 
MFM 
1 
0 
0 
X 
250 k 
FM 
1 
0 
1 
0 
250 k 
MFM 
0 
0 
1 
1 
300 k 
MFM ( 9.6 MHz) 
0 
1 
0 
X 
250 k 
MFM, RST Default 
1 
1 
0 
X 
125 k 
FM, RST Default 
1 
1 
1 
X 
125 k 
FM 
0 
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CR1 
CRO 
DRV 
DATA RATE 
COMMENTS 
RPM (AT/EISAmode) 


0 
0 
X 
1 M 
MFM 
1 
0 
0 
X 
500 k 
FM 
1 
0 
1 
0 
500 k 
MFM 
0 
0 
1 
1 
300 k 
MFM ( 9.6 MHz) 
0 
1 
0 
X 
500 k 
MFM, RST Default 
1 
1 
0 
X 
250 k 
FM, RST Default 
1 
1 
1 
X 
250 k 
FM 
0 


CR1 
CRO 
DRV 
DATA RATE 
COMMENTS 
RPM (AT/EISA mode) 


0 
0 
X 
300 k 
MFM 
1 
0 
0 
X 
150 k 
FM 
1 


, 


In AT/EISA mode, write pre-compensation can be disabled by a logic high on bit-2 of the Control Register. 
(see table 4.) 


BIT 
SIGNAL NAME AND FUNCTION 
RESET 
CLOCK QUALIFIER 


0 
Data rate 
0 
None 
1 
Data rate 
0 
None 
2 
No Write Pre-compensation 
0 
None 
3-7 
Reserved 
None 
None 


MASTER STATUS REGISTER 
The Master Status Register is an eight-bit, read/write 
register that contains the status information of the 
FDC. It can be accessed at any time. The ST37C65 
provides a write only register, called Master Status 
Register 1 (MSR1) which is used only to select power 
down mode. In power down mode the XTAL oscillator, 
controller circuitry and all linear circuitry are turned off 
so that the controller draws very low current. Normal 
operation 
is restored 
by asserting 
reset to the 
ST37C65 (see Master Status Register 1). 


Only the Master Status Register may be read and used 
to facilitate the transfer of data between the processor 
and ST37C65. The 010 and ROM bits in the Master 
Status Register indicate when data is ready and in 
which direction data will be transferred on the data 
bus. The maximum time between the last RD* orWR* 
during a Command or Result phase and the setting of 
010 and ROM is 12lis if 500 kb/s MFM data rate is 
selected. (If 250 kb/s MFM is selected, the delay is 
24lJS.If 1 Mb/s is selected, the delay is 6lJS.)Forthis 
reason, everytime the Master Status Register is read, 
the CPU should wait 12lJS.The maximum time from 
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the trailing edge of the last RO· in the result phase to 
when OB4 (FOC busy) goes low is 12~. 


MASTER STATUS REGISTER 1 
(MSR1 - Write Only) 
The ST37C6S will enter power down mode, when bit 
of MSR1 is set to logical "1" and the following condi- 
tions are met: 


The ST37C6S can also be programmed with external 
logic to automatically enter power down mode a few 
msec. after the beginning of idle mode. 


Normal operation is restored when the RST pin to the 
FOC is active and the FOC is reset. This in turn resets 
bit of MSR1 register to logic O. 


1.The RST pin to the FOC is inactive. 
2.Bit 2 in the Operations Register is "SRST= 1". 


. 
....... 


BIT 
SIGNAL NAME AND FUNCTION 
RESET 
CLOCK QUALIFIER 


0 
Power down mode (POM) 
0 
None 
1-7 
Reserved 
None 
None 


BIT 
NAME 
SYMBOL 
DESCRIPTION 


00 
FOO 0 busy 
OOB 
FOO number is 0 in the Seek Mode. If any of the bits is set, 
FOC will not accept REAO or WRITE command. 


01 
FOO 1 busy 
01B 
FOO number is 1 in the Seek Mode. If any of the bits is set, 
FOC will not accept REAO or WRITE command. 


02 
FOO 2 busy 
02B 
FOO number is 2 in the Seek Mode. If any of the bits is set, 
FOC will not accept REAO or WRITE command. 


03 
FOO 3 busy 
03B 
FOO number is 3 in the Seek Mode. If any of the bits is set, 
FOC will not accept REAO or WRITE command. 


04 
FOC busy 
CB 
A REAO or WRITE command is in progress. FOC will not 
accept any other command. 


OS 
Execution mode 
EXM 
This bit isset only during execution phase in non-OMA mode. 
When OSgoes low Execution phase has ended and Results 
Phase has started. It operates only during non-OMA mode of 
operation. 
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BIT 
NAME 
SYMBOL 
DESCRIPTION 


06 
Data input 
010 
Indicates 
direction 
of data transfer 
between 
FOC and Data 
Register. 
If 010 = 1, then transfer 
is from Data Registerto 
the 
processor. 
If 010 = 0, then transfer 
is from the processor 
to 
Data Register. 


07 
Request 
for Master 
ROM 
Indicates 
Data Register 
is ready to send or receive 
data to or 
from the processor. 
Both bits 010 and ROM should 
be used 
to perform the handshaking 
function 
of "ready" and "direction" 


to the processor. 


...... 
..... 


BIT 
NAME 
.... 
SYMBOL 
DESCRIPTION 


DO 
Unit select 
0 
USO 
This flag is used to indicate 
a Drive Unit Number 
at interrupt. 


01 
Unit select 
1 
US1 
This flag is used to indicate 
a Drive Unit Number 
at interrupt. 


02 
Head select 
HS 
This flag is used to indicate 
the state of the head at interrupt. 


03 
Not ready 
NR 
Since drive 
Ready 
is always 
presumed 
true, this will always 
be a logic "0" (low). 


04 
Equipment 
check 
EC 
If the Track 
"0" signal 
fails to occur after 77 step pulses 
per 


Recalibrate 
Command, 
then this flag is set. 


05 
Seek end 
SE 
When the FOC completesthe 
SEEK command, 
this flag isset 
to "1" (high). 


06 
Interrupt 
code 
IC 
See 07. 


07 
Interrupt 
code 
Ie 
07 = 1 and 06 = 0, invalid 
command 
issue. Command 
which 
was issued 
was never 
started.07 
= 0 and 
06 = 0, normal 
termination 
of command 
was 
completed 
and 
properly 
ex- 
ecuted. 
07 = 0 and 06 = 1, abnormal 
termination 
of com- 


, 
mand, (AT). Execution 
of command 
was started 
but was not 
successfully 
completed. 
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DO 
Missing address mark 
MA 
If the FDC cannot detect the ID Address Mark after encoun- 
tering the index hole twice, then this flag is set. If the FDC 
cannot detect the Data Address Mark or Deleted Data Ad- 
dress Mark, this flag is set. At the same time the MD (Missing 
Address Mark in data field) of Status Register 2 is set. 


D1 
Not writeable 
NW 
During execution of Write Data, Write 
Deleted Data or 
Format a Track commands, ifthe FDC detectes a wp* signal 
from the FDD, then this flag is set. 


D2 
No data 
ND 
During execution of Read Data, Write Deleted Data, or Scan 
..............•....... ;.••.••...•... 


command, if the FDC cannot find the sector specified in the 
IDR (Internal Data Register), this flag isset. During execution 
of the Read ID command, if the FDC cannot read the ID field 
without an error, then this flag is set. During execution of the 
Read a Track command, if the starting sector cannot be 
found, then this flag is set. 


D3 
Not used 
This bit is always set to "0". 


D4 
Overrun 
OR 
If the FDC is set not serviced by the host system during data 
transfers within a certain time interval, this flag is set. 


DS 
Data error 
DE 
When the FDC detects a CRC (Cyclic Redundancy Check) 
error in either the ID field or the data field, this flag is set. 


D6 
Not used 
This bit is always set to "0". 


D7 
End od cylinder 
EN 
When the FDC tries to access a sector beyond the final sector 
of a cylinder, this flag is set. 
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TABLE 9. STATUS REGISTER 2 BITS 
\erri 


Missing address mark in data field. When data is read from 
the medium, if FDC cannot find a Data Address Mark of 
Deleted Data Address Mark, then this flag is set. 


This bit is related to the ND bit, and when the contents of C 
on the medium is different from that stored in the IDR and the 
contents of Cis FF, then this flag is set. 


During execution of the SCAN command, if the FDCcannot 
find a sector on the cylinder which meets the condition, then 
this flag is set. 


During execution of the SCAN command, if the condition of 
"equal" is satisfied, this flag is set. 


This bit is related to the ND bit, and when contents of cylinder 
onthe medium isdifferentfrom that stored inthe IDR, this flag 
is set. 


If the FDC detects a CRC error in the data field, then this flag 
is set. 


During execution of the Read Data or Scan Command, ifthe 
FDC encounters a sector which contains a Deleted Data 
Address Mark, this flag is set. 
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TABLE 10. STATUS REGISTER 3 BITS 


SYM~QL 
.··/DESCRIPTION 
·~Il>; 
NAM~ 


DO 
Unit select 2 


01 
Unit select 1 


02 
Head select 


03 
Write protected 


04 
Track 0 


05 
Ready 


06 
Write protected 


07 
Not used 


usa 
This bit is usedto indicate the status ofthe Unit Select 0 signal 
to the FDD. 


US1 
This bitis usedto indicate the status ofthe Unit Select 1signal 
to the FDD. 


HS 
This bit is used to indicate the status of the Side Select signal 
to the FDD. 


This bit is used by the ST37C65 to indicate the status of the 
Write Protected (WP*) signal from FDD. 
I":'!:I!;:, 


TO 
This bit is used to indicated the status of the Track 0 signal 
from the FDD. 


RY 
This bit will always be a logic "1". Drive is presumed to be 
ready. 


WP* 
This bit is used to indicate the status of the Write Protected 
(WP*) signal from FDD. 


DATA REGISTER 
The eight-bit Data Register stores data, commands, 
parameters, and FDD status information. Data bytes 
are read out AO, or written into, the Data Register in 
order to program or obtain the results after a particular 


command.The relationship between the Master Sta- 
tus Register and the Data Register and the signals 
RD*, WR*, and AO are shown in Table 11. 


0 
0 
1 
Read Main Status Register 
0 
1 
0 
Illegal 
0 
0 
0 
Illegal 
1 
0 
0 
Illegal 
1 
0 
1 
Read from Data Register 
1 
1 
0 
Write into Data Register 
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OPERATIONS REGISTER 
The Operations Register provides support logic that 
latches the data bus upon receiving LDOR* and WR*. 
CS* should not be active when this happens. The 


Operations Register replaces the typical latched port 
found in floppy subsystems used to control disk drive 
spindle motors and to selected the desired disk drive. 
Table 12 represents the Operations Register. 


ORO 
DSEL 
Drive Select, if low and MOEN1 = 1, then DS1* is active. If high and MOEN2 = 1, then 
DS2* is active, but only in the AT/IEISA mode. 


OR1 
(X) 
This must be a logic 0 for DS1* and DS2* to become active. 


OR2 
SRST* 
Soft reset, active low. 


OR3 
DMAEN 
DMA enable, active in Special and AT/EISA modes. Qualifies DMA and IRQ outputs 
and DACK* input. 


OR4 
MOEN1 
Motor On enable, inverted output M01* is active only in AT/IEISA mode. 


OR5 
MOEN2 
Motor On enable, inverted output M02* Is active only in AT/EISA mode. 


OR6 
(X) 
Has no defined function. A spare. 


OR7 
(MSEL) 
Mode Select. During asoft reset condition, may be usedto select between Special mode 
(1) and AT/IEISA mode (0). 


BASE, SPECIAL, AND AT/EISA MODES 
Base, Special, PC AT and EISA modes allow subtle 
differences which the user may find desirable. The 
Control Register may be used in any mode without 
altering functionality. 


Base Mode 
After a hardware reset, RST active, the ST37C65 will 
be held in soft reset, SRST* active, with the normally 
driven signals, DMA request and IRQ request outputs 
three-stated. Base mode may be initiated at this time 
by a chip access bythe host.Although this may be any 
read orwrite, it is strongly recommended that the Base 
mode user's first chip access be a read of the Master 
Status Register. Once Base mode is entered, the soft 
reset is released, and IRQ and DMA are driven. Base 
mode prohibits the use of the Operations Register, 


hence there can be no qualifying DMAEN and no soft 
resets. The Drive Select outputs, DS1* to DS4*, offer 
a 1 of 4 decoding of the Unit Select bits resident in the 
command structure. Pin RWC* represents Reduce 
Write Current 
and is indicative of when write pre- 
compensation is necessary. 


Special Mode 
Special mode allows use of the Operations Register 
for the DMAEN signal as a qualifier and to do a 
software driven device reset, SRST*. To enter Special 
mode, the Operations Register is loaded with (1 X 0 0 
X 0 X X), setting mode Select to a logic 1 disabling 
MOEN1 and MOEN2 and causing SRST*to be active. 
Then a read of the Control Register address, LDCR* 
and places the device in Special mode. The DS1* 
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081* 
\ 
/ 


082* 
\ 
/ 


083* 
\ 
/ 


084* 
\ 
/ 
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through DS4* is again offered in this mode, as is 
RWC*. 


AT/EISA Modes 
For AT/EISA compatibility, users write to the Opera- 
tions Register, LDOR* and WR*; this action, per- 
formed after a hardware reset, or in the Base mode, 
initiates AT/EISA mode. AT/EISA mode can also be 
entered from Special mode by loading the Operations 
Register with (0 X 0 0 X 0 X X), setting Mode Select to 
a logic 0, disabling MOEN1 and MOEN2, and causing 
SRST* to be active. Then a read of the Control 
Register address sets the device into AT/EISA mode. 
The DS* outputs are replaced with the DSEL and 
MOEN signals buffered from the Operations Register. 
DMAEN and SRST* are supported and compatible 
with the current BIOS. RWC* pin function is now RPM* 
so that users with two-speed drives may reduce 
spindle speed from a nominal 360 revolutions per 
minute to 300 revolutions per minute when active low. 
It can also be used to reduce write current when a 
slower data rate is selected for a given drive. 


POLLING 
ROUTINE 
After any reset the ST37C65, (a hard RST or soft 
SRST*), will automatically go into a Polling routine. 
In between commands (and between step pulses in 
the SEEK Command), the ST37C65 polls all four 
FDDs looking for a change in the Ready line from any 
of the drives. Since the drive is always presumed 
Ready, an interrupt will only be generated following a 
reset. This occurs because a reset forces Not Ready 
status, which then promptly becomes Ready. Note 
that in Special, AT/EISA modes, if DMAEN is not valid 
1ms after reset goes inactive, then IRQ may be 
already set and pending when finally enabled onto the 
bus. The polling of the Ready line by the ST37C65 


~~~~s 1~~~~~Us~U~I~c:;:W:~~n~~~:~i~:6~~~:~~ II 
commands. For mini- floppies, the polling rate is 
2.048ms. The drive polling sequence is 1-2-4-3. Note 
that in the AT/EISA mode, the user will not see the 
polling at the Drive Select signals. Figure 4 illustrates 
the Drive Select Polling Timing. 
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DEVICE RESETS 
The ST37C65 supports both hardware reset (RST pin 
19) and a software reset (SRST*) through use of the 
Operations Register. The RST pin will cause a device 
reset for the active duration. RST causes a default to 
Base mode, and selects 250kb MFM (or 125kb FM 
code dependent) asthe data rate (16 MHz input clock) 
The default data rate for a 32 MHz input clock is 500kb 
MFM. SRST* will reset the micro controller as did the 
RST, but will not affect the current data rate selection 
orthe mode RST, when active, will disable the current 
driver outputs to the disk drive. RST and SRST* will 
not affect the values set for the internal timers HUT, 
HTL, and SRT. 


If the XTAL oscillators are used, instead of the TTL 
driven clock inputs, the hardware RST active time 
requirement will be extended. The oscillator circuit is 
designed so that RST will bootstrap the circuit into 
guaranteed oscillation in a fixed amount of time. The 
extended reset time allows the growth of the oscilla- 
tion to produce stable internal clock timing. 


DATA SEPARATOR 
The Data Separator is aWD92C32 Digital Phase Lock 
Loop Floppy Disk Data Separator (DPLL). It was 
designed to address high performance error rates on 
floppy disk drives, and to provide superior perfor- 
mance in terms of available bit jitter tolerance. It 
contains the necessary logic to achieve classical 2nd 
order, type 2, phase locked loop performance. Figure 
1illustrates the WD92C32 usedasthe Data Separator 
in the ST37C65 system. The bitjittertolerance 
forthe 
data separator is 60%, which guarantees an error rate 
of <10E-9. 


WRITE PRE-eOMPENSATION 
The ST37C65 maintains the standard first level algo- 
rithm to determine 
when write pre compensation 
should be applied. The EARLY and LATE signals are 
used intemally to select the appropriate delay in the 
write data pulse stream. The encoded WRITE DATA 
signal is synchronized to the 16 MHz or 32 MHz clock 
if this is the frequency on CLK1 pin (23), and clocked 
through a shift 
register. Signals EARLY, NOM, and 
LATE determine the amount of delay through the shift 
register before a mUltiplexed gates the chosen bit to 
the output. The output data pulse width has a 25% duty 


cycle, Le., one fourth of the bit cell period, and equal 
to one half the WCLK period. 


When PCVAL pin (24)=1, all data will be pre-compen- 
sated by ±125ns, regardless of track number and data 
rate. However, this is only for MFM encoding. There is 
no write pre-compensation for FM. If PCVAL = 0, and 
if a track inside number 28 is accessed, then ±187ns 
pre-compensation will be generated. For frequencies 
otherthen 16MHz or32MHz on the CLK1 pin, the pre- 
compensation values will be two and three clock 
cycles respectively. When the non-standard 300 kb/ 
s data rate using CLK2 is chosen, the MFM pre- 
compensation will always be two clock cycles For 9.6 
MHz, this is ±208ns. In this case, the PCVAL function 
is disabled. Write pre-compensation can be disabled 
by bit-2 of the Control Register for the AT/EISA. The 
PCVAL input to ST37C65 is ignored ifthere is no write 
pre-compensation. 


CLOCK GENERATION 
This logical block provides all the clocks needed by 
the ST37C65. They are: Sampling Clock (SCLK), 
Write Clock (WCLK), and the Master Clock (MCLK). 
SCLK drives the WD92C32 
Data Separator used 
during data recovery. This clock's frequency is always 
32 times the selected data rate. 


WCLK is used by the encoder logic to place MFM or 
FM onthe serial WD-stream to the disk. WCLK always 
has a frequency two times the selected data rate. 


MCLK is used by microsequencer. MCLK and MCLK* 
clock all latches in a two-phase scheme. One micro- 
instruction cycle is four MCLK cycles. MCLK has a 
frequency equal to eight times the selected MFM data 
rate or 16 times the FM data rate. Table 13 presents 
the Clock Data Rate. 


In power down mode the XTAL oscillator and the clok 
circuitry are turned off. 
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CODE····\ 
.;;; 
......,i 
..•............ 
\ .. 
..... 


DATA RATE < 
... 
•• 


1Mb/s 
MFM 
32.0 MHz 
8.0 MHz 
2.0 MHz 


500 kb/s 
MFM 
16.0 MHz 
4.0 MHz 
1.0 MHz 


500 kb/s 
FM 
16.0 MHz 
8.0 MHz 
1.0 MHz 


250 kb/s 
FM 
8.0 MHz 
4.0 MHz 
500 kHz 


250 kb/s 
MFM 
8.0 MHz 
2.0 MHz 
500 kHz 


125 kb/s 
FM 
4.0 MHz 
2.0 MHz 
250 kHz 


300 kb/s 
MFM 
9.6 MHz 
2.4 MHz 
600 kHz 


COMMAND PARAMETERS 
The ST37C65 is capable of performing 15 different 
commands. Each command is initiated by a multibyte 
transfer from the processor. The results after execu- 
tion of the command may also be a multibyte transfer 
back to the processor. The commands consist ofthree 
phases: Command phase, Execution phase, and the 
Result phase. 


• 
Command phase 
The Floppy Disk Controller (FDC) receives all 
information required to perform a particular opera- 
tion from the processor. 


• 
Execution phase 
The FDC performs the operation it was instructed 
to do. 


• 
Result phase 
After completion of the operation, status and other 
housekeeping information are made available to 
the processor. 


• 
Read Data 
• 
Read Deleted Data 
• 
Write Data 
• 
Write Deleted Data 
• 
Read a Track 
• 
Read ID 
• 
Format a Track 
• 
Scan Equal 
• 
Scan Low or Equal 
• 
Scan High or Equal 
• 
Recalibrate 
• 
Sense Interrupt Status 
• 
Specify 
• 
Sense Drive Status 
• 
Seek 


I.·.··.· ..··.·•··.·.···.· 
..··.··· 
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TABLE 15. READ DATA 


R!W 
07 
06 
05 
04 
03 
02 
01 
DO 


COMMAND 
W 
MT 
MF 
SK 
a 
a 
1 
1 
a 
w 
x 
x 
x 
x 
X 
HS US1 usa 
w 
C 
Sector ID informatiom 
prior to 
command 
execution. 
The four 
bytes 
are 
compared 
against 
header on floppy disk. 


W 
H 
W 
R 
W 
N 
W 
EOT 
W 
GPL 
W 
DTL 


EXECUTION 
Data transfer between FDD and 
main system. 


RESULTS 
R 
STa 
Status 
information 
after 
com- 
mand execution. 


R 
ST1 
R 
ST2 
R 
C 
Sector ID information after com- 
mand execution. 


R 
H 
R 
R 
R 
N 
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PHASE 
RJW 
07 
06 
05 
04 
03 
02 
01 DO 
DESCRIPTION 


COMMAND 
W 
MT 
MF 
SK 
0 
1 
1 
0 
0 
Command code. 


W 
X 
X 
X 
X 
X 
HS US1 usa 
w 
C 
Sector ID informatiom 
prior to 
command 
execution. 
The four 
bytes 
are 
compared 
against 
header on floppy disk. 


W 
H 
W 
R 
W 
N 
W 
EOT 
W 
GPL 
W 
DTL 


EXECUTION 
Data transfer between FDD and 
main system. 


RESULTS 
R 
STO 
Status 
information 
after 
com- 
mand execution. 
R 
ST1 
R 
ST2 
R 
C 
Sector ID information after com- 
mand execution. 
R 
H 
R 
R 
R 
N 


I·.··.·.·.·.·..··.·.················ 
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H 
R 
N 
EOT 
GPL 
DTL 


ST1 
ST2 
C 


Sector ID informatiom 
prior to 
command 
execution. 
The four 
bytes 
are 
compared 
against 
header on floppy disk. 


Data transfer between FDD and 
main system. 


Status 
information 
after 
com- 
mand execution. 


Sector ID information after com- 
mand execution. 
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···RJw.·•••· D7\t$DS04 


W 
MT MF 
a 
a 
1 
a 
a 
1 
W 
X 
x 
x 
x 
X 
HS US1 usa 
W 
C 


W 
W 
W 
W 
W 
W 


EXECUTION 


RESULTS 
R 


R 
R 
R 


R 
R 
R 


H 
R 
N 
EOT 
GPL 
DTL 


ST1 
ST2 
C 


Sector ID informatiom 
prior to 
command 
execution. 
The four 
bytes 
are 
compared 
against 
header on floppy disk. 


Data transfer between FDD and 
main system. 


Status 
information 
after 
com- 
mand execution. 


Sector ID information after com- 
mand execution. 


COMMAND 
W 
MT 
MF 
SK 
0 
0 
0 
1 
0 
Command code. 
W 
X 
X 
X 
X 
X 
HS US1 usa 
w 
C 
Sector ID informatiom 
prior to 
command 
execution. 
The four 
bytes 
are 
compared 
against 
header on floppy disk. 


W 
H 
W 
R 
W 
N 
W 
EOT 
W 
GPL 
W 
DTL 


EXECUTION 
Data transfer between FDD and 
main system. FDD reads all data 
fiels from index hole to EOT. 


RESULTS 
R 
STO 
Status 
information 
after 
com- 
mand execution. 


R 
ST1 
R 
ST2 
R 
C 
Sector ID information after com- 
mand execution. 
R 
H 
R 
R 
R 
N 
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PHASE 
RIW 
07 
06 
05 
04 
03 
02 
01 
DO 
DESCRIPTION 


, 
.,.. 


COMMAND 
W 
0 
MF 
0 
0 
1 
0 
1 
0 
Command code. 


W 
X 
X 
X 
X 
X 
HS US1 usa 


EXECUTION 
The first corrected ID information 
on the cylinder is stored in Data 
Register. 


RESULTS 
R 
STO 
Status 
information 
after 
com- 


mand execution. 


R 
ST1 
R 
ST2 
R 
C 
Sector ID information read during 
Execution 
Phase 
from 
floppy 
disk. 


R 
H 
R 
R 
R 
N 


PHASE 
RIW 
07 
D6 
05 
04 
03 
02 
01 
DO 
DESCRIPTION 


COMMAND 
W 
0 
MF 
0 
0 
1 
1 
0 
1 
Command code. 


W 
X 
X 
X 
X 
X 
HS US1 usa 
w 
N 
Bytes/Sector. 
W 
SC 
SectorslTrack. 


W 
GPL 
Gap3. 
W 
D 
Filler Byte. 


EXECUTION 
Floppy Disk Controller (FDC) for· 
mats an entire track. 


RESULTS 
R 
STO 
Status 
information 
after 
com· 
mand execution. 


R 
ST1 
R 
ST2 
R 
C 
In this case, the ID information 
has no meaning. 


R 
H 
R 
R 
R 
N 
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W 
MT 
MF 
SK 
1 
a 
a 
a 
1 
Command code. 


W 
X 
X 
X 
X 
X 
HS US1 usa 
W 
C 
Sector ID informatiom 
prior to 
command execution. 


W 
H 
W 
R 
W 
N 
W 
EOT 
W 
GPL 
W 
STP 


EXECUTION 
Data compared between the FDD 
and main system. 


RESULTS 
R 
STa 
Status 
information 
after 
com- 
mand execution. 
R 
ST1 
R 
ST2 
R 
C 
Sector ID information after com- 
mand execution. 
R 
H 
R 
R 
R 
N 
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PHASE 
RIW 
07 
OS 
05 
04 
03 
02 
01 
DO 
DESCRIPTION 


COMMAND 
W 
MT 
MF 
SK 
1 
1 
a 
a 
1 
Command code. 
W 
X 
X 
X 
X 
X 
HS US1 usa 
w 
C 
Sector ID informatiom 
prior to 
command execution. 


W 
H 
W 
R 
W 
N 
W 
EOT 
W 
GPL 
W 
DTL 


EXECUTION 
Data compared 
between 
FDD 
and main system. 


RESULTS 
R 
STa 
Status 
information 
after 
com- 
mand execution. 


R 
ST1 
R 
ST2 
R 
C 
Sector ID information after com- 
mand execution. 
R 
H 
R 
R 
R 
N 
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PHASE 
RIW 
07 
06 
05 
04 
03 
02 
01 
DO 
DESCRIPTION 


COMMAND 
W 
MT 
MF 
SK 
1 
1 
1 
a 
1 
Command code. 
W 
X 
X 
X 
X 
X 
HS US1 usa 
w 
C 
Sector ID informatiom 
prior to 
command execution. 


W 
H 
W 
R 
W 
N 
W 
EOT 
W 
GPL 
W 
STP 


EXECUTION 
Data compared 
between 
FDD 
and main system. 


RESULTS 
R 
STa 
Status 
information 
after 
com· 
mand execution. 


R 
ST1 
R 
ST2 
R 
C 
Sector ID information after com· 
mand execution. 
R 
H 
R 
R 
R 
N 


PHASE 
RIW 
07 
D6 
05 
D4 
D3 
02 
01 
DO 
DESCRIPTION 


COMMAND 
W 
a 
a 
a 
a 
a 
1 
1 
1 
Command code. 


W 
X 
X 
X 
X 
X 
a 
US1 usa 


EXECUTION 
Head retracted to Track zero. 


/ 
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PHASE 
RIW 
07 
06 
05 
04 
03 
02 
01 
DO 
DESCRIPTION 


COMMAND 
W 
a 
a 
a 
a 
1 
a 
a 
a 
Command code. 


W 
X 
X 
X 
X 
X 
a 
US1 usa 


RESULTS 
R 
STa 
Status information aboutthe FDC 
at the end of seek operation. 


R 
PCN 


PHASE 
RJW 
07 
06 
05 
04 
03 
02 
01 
DO 
DESCRIPTION 


COMMAND 
W 
a 
a 
0 
a 
a 
a 
1 
1 
Command code. 


W 
SRT SRT SRT SRT 
HUT HUT HUT HUT 
W 
HLT HLT HLT HLT 
HLTHLTHLT 
ND 


PHASE 
RIW 
07 
06 
05 
04 
03 
02 
01 
DO 
DESCRIPTION 
..... 


COMMAND 
W 
a 
a 
a 
a 
a 
1 
a 
0 
Command code. 


W 
X 
X 
X 
X 
X 
HS US1 usa 


RESULTS 
R 
ST3 
Status information about FDC. 


PHASE 
RIW 
07 
06 
05 
04 
03 
02 
01 
DO 
DESCRIPTION 


COMMAND 
W 
a 
a 
0 
a 
1 
1 
1 
1 
Command code. 


W 
X 
X 
X 
X 
X 
a 
US1 usa 
w 
NCN 


EXECUTION 
Head is positioned over proper 
cylinder on the diskette. 
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SYMBOL 
NAME 


AO 
Address line 0 


C 
Cylinder Number 


D 
Data 


D7 - DO 
Data Bus 


DTL 
Data Length 


EaT 
End of Track 


GPL 
Gap Length 


H 
Head Address 


HLT 
Head Load Time 


HS 
Head Select 


HUT 
Head Unload Time 


MF 
FM orMFM 


MT 
MultiTrack 


AO controls selection of Main Status Register (AO=O) or Data 
Register (AO=1). 


C stands for the currenUselected cylinder (track) number 0 through 
255 of the medium. 


8-bits Data Bus, where D7 stands for a most significant bit, and DO 
stands for a least significant bit. 


When N isdefined as 00, DTL stands forthe Data length which users 
are going to read out or write into the sector. 


EaT stands for the final sector number on a cylinder. During Read 
or Write operations, FDC will stop data transfer a sector number 
equal to EaT. 


GPL stands forthe length of Gap 3. During the FORMAT Command, 
it determines the size of Gap 3. 


HLT stands for the Head Load Time in FDD (2 to 254 ms in 2 ms 
increments). 


HSstands for aselected head numberO or 1and controls the polarity 
of pin 25 (in 40 pin DIP) or pin 28 (in 44 pin PLCC). 


HUT stands for the HEAD UNLOAD TIME after a Read or Write 
operation has occurred (16 to 240 ms in 16 ms increments). 


If MT is high, a MUTITRACK operation is performed. If MT=1 after 
finishing ReadlWrite operation on side 0, FDC will automatically 
start searching for sector 1 on side 1. 


NCN stands for a NEW CYLINDER NUMBER which is going to be 
reached as a result of the Seek operation. Desired position of head. 
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SYMBOL 
NAM~ 
DESCRIPTION 


., 
., . 


PCN 
Present Cylinder 
PCN stands forthe cylinder number at the completion ofthe SENSE 
INTERRUPT STATUS Command. Position of head ar present time. 


R 
Record 
R stands for the sector number which will be read or written. 


RIW 
ReadlWrite 
RIW stands for either READ or WRITE signal. 


SC 
Sector 
SC indicates the number of sectores per cylinder. 


SK 
Skip 
SK stands for SK1PDeleted Data Address Mark. 


SRT 
Step Rate Time 
SRT stabds for the Stepping Rate for the FDD (1 to 16 ms in 1 ms 
increments). Stepping Rate applies to all drives. In 2's complement 
format, F (hex)=1 ms, E (hex)=2 ms, etc. 


STO-3 
Status 0-3 
STO-3 stands for one of four registers which store the STATUS 
information after a command has been executed. This information 
is available during the result phase after command execution. 
These registers should not be confused with the Main Status 
Register (selected by AO=O). STO-3 may be read only after a 
command has been executed and contains information relevant to 
that particular command. 


STP 
During a SCAN operation, If STP=1, the data in contiguous sectors 
is compared byte by byte with data sent from the processor ( or 
DMA); if STP=2, then alternate sectore are read and compared. 


USO-1 
Unit Select 0-1 
US stands for a selected drive; binary encoded, 1 of 4. 


COMMAND DESCRIPTIONS 
Read Data 
A set of nine byte words are required to place the FDC 
into the Read Data Mode. After the Read Data com- 
mand has been issued, the FDC loads the head (if it is 
in the unloaded state), waits the specified head set- 
tling time Idefined in Ihe Specify Command), and 
begins reading IDAddress Marks and ID fields. When 
the current sector number ("R") stored in the ID 
Register (IDR) compares with the sector number read 
of the diskette, then the FDC outputs data (from the 


data field) byte-to-byte to the main system via the dala 
bus. After completion of the read operation from the 
current sector, the Sector Number is incremented by 
one, and the data from the next seclor is read and 
output on the data bus. This continuous read function 
is called a "Multi- sector Read Operation" The Read 
Data Command may be terminated by the receipt of 
a Terminal Count signal. TC should be issued at the 
same time thai the DACK* for the last byte of data is 
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sent. Upon receipt of this 
signal, 
the 
FDC stops 
outputting data to the processor, but will continue to 
read data from the current sector, check CRC (Cyclic 
Redundancy Count) bytes, and then at the end of the 
sector terminate 
the Read Data command. 
The 
amount of data which can be handled with a single 
command to the FDC depends upon MT (multitrack), 
MF (MFM/FM), 
and N (number of bytes sector). 
Table 31 lists the Transfer Capacity. 


Multi- 
MFM/ 
Bytes/ 
Maximum Transfer Capacity 
Final Sector 
Track 
FM 
Sector 
(Bytes/Sector) 
Read from 
MT 
MF 
N 
(Number of Sectors) 
Diskettes 


0 
0 
00 
(128) (26) = 3328 
26 at side 0 
0 
1 
01 
(256) (26) = 6656 
or 26 at side 1 


1 
0 
00 
(128) (52) = 6656 
26 at side 1 
1 
1 
01 
(256) (52) = 13312 
26 at side 1 


0 
0 
01 
(256) (15) = 3840 
15 at side 0 
0 
1 
02 
(512) (15) = 7680 
or 15 at side 1 


1 
0 
01 
(256) (30) = 7680 
15 at side 1 
1 
1 
02 
(512) (30) = 15360 
15 at side 1 


0 
0 
02 
(512) (8) = 4096 
8 at side 0 
0 
1 
03 
(1024) (8) = 8192 
8 at side 1 


1 
0 
02 
(512) (16) = 8192 
8 at side 1 
1 
1 
03 
(1024) (16) = 16384 
8 at side 1 


The "multi-track" function (MT) allows the FDC to read 
data from both sides of the diskette. For a particular 
cylinder, data will be transferred starting at Sector 1, 
Side 0 and completing at Sector L, Side 1 (Sector L = 
last sector on the side). Note, this function pertains to 
only one cylinder (the same track) on each side of the 
diskette. When N=O,then DTL defines the data length 
which the FDC must treat as a sector. If DTL issmaller 
than the actual data length in asector, the data beyond 


DTL in the sector is not sent to the Data Bus. The FDC 
reads (internaily) the complete sector performing the 
CRC check, and depending upon the manner of 
command termination, may perform a Multi-Sector 
Read operation. When N is non-zero, then DTL has no 
meaning and should be set to FF hexidecimal. 


At the completion of the Read Dala command, the 
head is not unloaded until after Head Unload Time 
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Interval 
(specified 
in the Specity command) 
has 
elapsed. If the processor issues another command 
before the head unloads, then the head settling time 
may be saved between subsequent reads. This time 
out is particularly valuable when a diskette is copied 
from one drive to another If the FDC detects the Index 
Hole twice without finding the right sector, (indicated 
in 'R'), then the FDC sets the ND (No Data) flag in 
Status Register 1 to a 1 (high), and terminates the 
Read Data command. (Status Register 0 also has bits 
7 and 6 set to 0 and 1 respectively.) 


After reading the ID and Data Fields in each sector, the 
FDC checks the CRC bytes. If a read error is detected 
(incorrect CRC in ID field), the FDC sets the DE (Data 
Error) flag in Status Register 1 10 1 (high). If a CRC 
error occurs in the Data Field, the FDC also sets the 
DD (Data Error in Data Field) flag in Status Register 2 
to a 1(high), andterminates the Read Data command. 
(Status Register 0 also has bits 6 and set to 0 and 1) 
respectively. 


If Ihe FDC reads a Deleted Data Address Mark off the 
diskette, and the SK bit (bit OS in the first Command 
Word) is not set (SK=O) then the FDC sets the CM 
(Control Mark) flag in Status Register 2 to a 1 (high), 
and terminates the Read Data command after reading 
all the data in the sector. If SK=1, the FDC skips the 
sector with the Deleted Data Address Mark and reads 
the next sector. The CRC bits in the deleted data field 
are not checked when SK=1. 


During disk data transfers between the FDC and the 
processor via the data bus, the FDC must beserviced 
by the processor every 271JSin the FM mode, and 
every 191JSin the MFM mode or the FDC sets the OR 
(Overrun) flag in Status Register 1 to a 1 (high), and 
terminates the Read Data command. If the processor 
terminates a read (or write) operation in the FDC, then 
the ID information in the Result phase is dependent 
upon the state of the MT bit and EOT byte. Table 32 
shows the values for C, H, A, and N, when the 
processor terminates the command. 


Final Sector 
10 InfoRnation 
at 
Transferred 
Result Phase 
MT 
HO 
to Processor 
C 
H 
R 
N 


0 
0 
Less than EOT 
NC 
NC 
R+1 
NC 
0 
0 
Equal to EOT 
C+1 
NC 
R=1 
NC 


0 
1 
Less that EOT 
NC 
NC 
R+1 
NC 
0 
1 
Equal to EOT 
C+1 
NC 
R=1 
NC 


1 
0 
Less than EOT 
NC 
NC 
R+1 
NC 
1 
0 
Equal to EOT 
NC 
LSB 
R=1 
NC 


1 
1 
Less than EOT 
NC 
NC 
R+1 
NC 
1 
1 
Equal to EOT 
C+1 
LSB 
R=1 
NC 


Note: NC (No Change): The same value as the one at 
the begininning of command execution. 


Write 
Datas 
A set of nine bytes is required to set the FDC into the 
Wide Data mode. After the Write Data command has 
been issued the FDC loads the head (if it is in the 
unloaded state), waits the specified head settling time 
(defined inthe Specify command), and begins reading 
ID fields. When all four bytes loaded during the 
command (C, H, R, N) match the four bytes of the ID 
field from the diskette, the FDC takes data from the 
processor byte-by-byte via the data bus and outputs it 
to the FDD. 


After writing data into the current sector, the sector 
number stored in 'R' is incremented by one, and the 
next data field is written into. The FDC continues 
this 'MultisectorWrite Operation" until the issuance of 
a Terminal Count signal. If a Terminal Count signal is 
sent complete the data field. If the Terminal Counl 
signal is received while a data field is being written, 
then the remainder of the data field is filled with zeros. 


The FDC reads the ID field of each sector and checks 
the CRC bytes in one of the ID fields, it sets the DE 
(Data Error) flag of Status Register 1to a 1 (high) and 
tenminatesthe Wrile Data command. (Status Register 
o also has bits 7 and 6 set to 0 and 1 respectively.) 


The Write command operates in much the same 
manner as the Read command. The following items 
are the same, and one should refer to the Read Data 


• 
Transfer capacity 
• 
EN (End of Cylinder) flag 
• 
ND (No Data) flag 
• 
Head Unload Time interval 
• 
ID Information when the processor terminates 
command 
• 
Definition of DTL when N = 0 and when N= 0 


In the Write Data mode, data transfers between the 
processor and FDC via the data bus, must occur every 
27lJS in the FM mode and every 13lJSin the MFM 
mode. If the time interval between data transfers is 
longer than this, then the FDC sets the OR (Overrun) 
flag in Status Register 1 to a 1 (high) and terminates 
the Write Data command (Status Register 0 also has 
bits 7 and 6 set to 0 and 1 respectively.) 


Write Deleted Data 
This command is the same as the Write Data com- 
mand except a Deleted Data Address mark Is written 
at the beginning of the data field instead of the normal 
Data address mark. 


Read Deteted Data. 
This command is the same as the Read Data com- 
mand except that when the FDC detects a Data 
Address mark at the beginning of a data field (and 
SK=O) it will read all the data in the sector and set the 
CM flag in Status Register 2 to a 1 (high), and then 
terminate the command. If SK=1, then the FDC skips 
the sector with the Data Address mark and reads the 
next sector 


Read A Track 
This command is similar to the Read Data command 
except that this is a continuous Read operation where 
the entire data field from each of the sectors is read. 
Immediately after sensing the index hole, the FDC 
starts leading all data fields on the track as continuous 
blocks of data. If the FDC finds an error in the ID or 
Data CRC check bytes, it continues to read data from 
the track. The FDC compares the ID information read 
from each sector with the value stored in the IDR and 
sets the ND flag of status Register 1 to a 1 (high) if 
there is no comparison. Multi-track or skip operations 
are not allowed with this command. 


This command terminates when the number of sec- 
tors read is equal to EOT If the FDC does not find an 
ID Address mark on the diskette after it senses the 
index hold forthe second time, it sets the MA (Missing 
Address mark) flag in Status Register 1 to a 1 (high) 
and terminates the command. (Status Register 0 has 
bits 7 and 6 set to 0 and 1 respectively.) 


ReadlD 
The Read ID command is used to give the present 
position of the recording head. The FDC stores the 
values from the first ID field it is able to read. If no 
proper IDAddress mark isfound onthe diskette before 
the index hole is encountered for the second time, 
then the MA (Missing Address mark) flag in Status 
Register 1 is set to a 1 (high), and if no data is found 
then the ND (No Data) flag is also set in Status 
Register 1 to a 1 (high). The command is then termi- 
nated with bits 7 and 6 in Status RegisterO set to 0 and 
1 respectively. During this command there is no data 
transfer between FDC and the CPU except during the 
result phase. 


Format A Track 
The Format command allows an entire track to be 
formatted. After the index hole is detected, data is 
written onthe diskette; Gaps, Address marks, IDfields 
and data fields, all per the IBM System 34 (double 
density) or System 3740 (single density) format are 
recorded. The particular format which will bewritten is 
controlled by the values programmed inlo N (number 
ot bytes/sector), 
SC (sectors/cylinder), 
GPL (gap 
length), and D (data pattern) which are supplied bythe 
processor during the Command phase. The data field 
is filled with the byte of data stored in D. The ID field 
for each sector is supplied by the processor; that is, 
four data requests per sector are made by the FDC for 
C (cylinder number), H (head number), R (sector 
number) and N (number of bytes/sector). This allows 
the diskette to be formatted with nonsequential sector 
numbers, if desired. 


The processor must send new values for C, H, R, and 
N to the ST37C65 for each sector on the track. If FDC 
is set for the DMA mode, it will issue four DMA 
requests per sector. If it is set for the Interrupt mode, 
itwill issue four interrupts per sector andthe processor 
must supply C, H, R, and N loads for each sector. The 
contents of the R register are incremented by 1 after 
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each sector is formatted; thus, the R register contains 
a value of R when it is read during the Result phase. 
This incrementing and formatting continues for the 
whole track until the FOCdetects the index hole forthe 
second time, whereupon it terminates the command. 


Table 33 shows the relationship between N, SC, and 
GPL for various sector sizes. 


FORMAT 
SECTOR SIZE 
N 
SC 
GPl1 
GPL2,3 


8" STANDARD 
FLOPPY 
FM MODE 
128 byles/seclor 
00 
1A 
07 
18 


256 
01 
OF 
OE 
2A 
512 
02 
08 
18 
3A 
1024 
03 
04 
47 
8A 


2048 
04 
02 
C8 
FF 
4096 
05 
01 
C8 
FF 


MFM 
256 
01 
1A 
OE 
36 
512 
02 
OF 
18 
54 
1024 
03 
08 
35 
74 


2048 
04 
04 
99 
FF 
4096 
05 
02 
C8 
FF 
8192 
06 
01 
C8 
FF 


5 1/4" MINI-FlOPPY 
FM MODE 
128 
00 
12 
07 
09 
128 
00 
10 
10 
19 
256 
01 
08 
18 
30 
512 
02 
04 
48 
87 
1024 
03 
02 
C8 
FF 
2048 
04 
01 
C8 
FF 


MFM MODE 
256 
01 
12 
OA 
OC 


256 
01 
10 
20 
32 
512 
02 
08 
2A 
50 
1024 
03 
04 
80 
FO 
2048 
04 
02 
C8 
FF 
4096 
05 
01 
C8 
FF 


3 1/2" SONY MICRO·FlOPPY 
FM MODE 
128 
00 
OF 
07 
18 
256 
01 
09 
OE 
2A 
512 
02 
05 
18 
3A 


MFM MODE 
256 
01 
OF 
OE 
36 
256 
02 
09 
18 
54 
1024 
03 
05 
35 
74 


Scan Commands 
The Scan commands allow data which is being read 
from the diskette to be compared against data which 
is being supplied from the main system. The FOC 
compares the data on a byte-by-byte basis and looks 
for a sector of data which meets the conditions The 
hexidecimal byte of FF either from memory or from 
FOO can be used as a mask byte because it always 
meets the condition of the comparison. Ones comple- 
ment arithmetic is used for comparison 
(FF=largest 
number, OO=smaliestnumber). After a whole sector 
of data is compared, if the conditions are not met, the 
sector number is incremented (R + STP -8R), and the 
scan operation is continued. The scan operation con- 
tinues until one of the following conditions occur the 


~aOs~d~~~~~/~ns~~~ 
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terminal count signal is received. 


If the conditions for scan are met, then the FOC sets 
the SH (Scan Hit) flag of Status Register2 to a 1 (high) 
and terminates the Scan command. If the conditions 
for scan are not met between the starting sector (as 
specified by R) and the last sector on the cylinder 
(EaT), then the FOC sets the SN (Scan Not Satisfied) 
flag of Status Regisler 2 is a 1 (high) and terminates 
the Scan command. The receipt of a Terminal Count 
signal from the processor or OMA controller durring 
the scan operation will cause the FOCto complete the 
comparison of the particular byte which is in process 
and the to terminale the command. Table 34 shows 
the status of bits SH and SN under various conditions 
of Scan. 


STATUS REGISTER 2 
COMMAND 
BIT-2 
BIT-3 
COMMENTS 


Scan Equal 
0 
1 
DFDD = Dprocessor 
1 
0 
DFDD •• Dprocessor 
0 
1 
DFDD = Dprocessor 


Scan Low 
0 
0 
DFDD < Dprocessor 
or Equal 
1 
0 
DFDD > Dprocessor 
0 
1 
DFDD = Dprocessor 


Scan High 
0 
0 
DFDD > Dprocessor 
or Equal 
1 
0 
DFDD < Dprocessor 
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If the FDC encounters a Deleted Data Address mark 
on one of the sectors (and SK=O),then it regards the 
sector as the last sector on the cylinder, sets the CM 
(Control mark) flag of Status Register 2 to a 1 (high) 
and terminates the command If SK= 1,the FDC skips 
the sector with the Deleted Address mark and reads 
the next sector. In the second case (SK=1), the FDC 
sets the CM (Conlrol mark) flag of Status Register 2 to 
a 1 (high) in order to show that a deleted sector had 
been encountered. 


When either the STP (contiguous sectors=01, or 
alternate sectors=02) sectors are read or the MT 
(Multitrack) is programmed it is necessary to remem- 
ber that the last sector on tbe track must be read. For 
example, if STP=02, MT=O,the sectors are numbered 
sequentially 1 through 26 and the Scan command is 
started at sertor 21, the following will happen: sectors 
21,23, and 25 will be read, then the next sector (26) 
will be skipped and the index hole will be encountered 
before the EOTvalue of26 can be read. Thiswill result 
in an abnormal termination of the command. If the 
EOT had been set at 25 or the scanning started at 
sector 20, then the Scan command would be com- 
pleted in a normal manner. 


During the Scan command, data is supplied by either 
the processor or DMA controller 
for comparison 
against the data read from the diskette. In order to 
avoid having the OR (Overrun) flag set in Status 
Register 1, it is necessary to have the data available 
in less than 27flS (FM mode) or 13flS (MFM mode). If 
an Overrun occurs, the FDC ends the command with 
bits 7 and 6 of Status Register 0 set to 0 and 1, 
respectively. 


Seek 
The ReadlWrite head within the FDD is moved from 
cylinder to cylinder under control of the Seek com- 
mand. FDC has four independent Present Cylinder 
Registers for each drive. They are cleared only after 
the Recalibrate command. The FDC compares the 
PCN (Present Cylinder Number) which is the current 
head position with the NCN (New Cylinder Number), 
and if Ihere is a difference, performs the following 
operations: 


PCN < NCN: 
Direction signal to FDD set to a 1 
(high), and step pulses are issued. (Step In) 


PCN > NCN: 
Direction signal to FDD set to a 0 
(low), and step pulses are issued. (Step Out) 


The rate at which step pulses are issued is controlled 
by SRT (Stepping Rate Time) in the 
Specify com- 
mand. After each step pulse is issued NCN is com- 
pared against PCN, and when NCN = PCN, Ihe SE 
(Seek End) flag isset in Status RegisterO to a 1 (high), 
and the command is terminated 
At this point FDC 
interrupt goes high. Bits DOB-D3B in the Main Status 
Register are set during the Seek operation and are 
cleared by the Sense Interrupt Status command. 


During the command phase of the Seek operation the 
FDC isinthe FDC Busy state; butduring the Execution 
phase, it is in the non-busy state. While the FDC is in 
the non-busy state, another Seek command may be 
issued, and in this manner parallel Seek operalions 
may be done on up to four drives at once. No other 
command can be issued as long as the FDC is in the 
process of sending step pulses to any drive. 


If the time to write three bytes of Seek command 
exceeds 150flS, the timing between the first two step 
pulses may be shorter than that set in the Specify 
command by as much as 1ms. 


Recalibrate 
Tne function of this command is to retract the Read! 
Write neadwithin the FDDto the Track 0 position. The 
FDC clears the contents of the PCN counter and 
checks the status of the Track 0 signal from the FDD. 
As long as the Track 0 signal is low, the Direction 
signal remains 0 (low) and step pulses are issued. 
When the Track 0 signal goes high, the SE (Seek End) 
flag in Status Register 0 is set to a 1 (high) and the 
command isterminated If the Track 0 signal is still low 
after 255 step pulses have been issued, the FDC sets 
the SE (Seek End) and EC (Equipment Check) flags 
of Status Register 0 to both 1s command after bits 7 
and 6 of 
Status Register 0 are set to 0 and 1 
respectively The ability to do overlap Recalibrate 
commands to multiple FDDs and the loss ofthe Ready 
signal, as described in the Seek command, 
also 
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Sense Interrupt 
Status 
An Interrupt signal is generated by the FDC for one of 
the following reasons: 


Upon entering the Result phase of 
• Read Data command 
• Read A Track command 
• Read ID command 
• Read Deleted Data command 
• Write Data command 
• Format A Cylinder command 
• Write Deleted Data command 
• Scan commands 


2 Ready Line of FDD changes state 
3 End of Seek or Recalibrate command 
4 During Execution phase in the non-DMA mode 


Interrupts caused by reasons 1 and 4 above occur 
during normal command operations and are easily 
discernible by the processor During an Execution 
phase in non-DMA mode, DBS in the Main Status 
Register is high. Upon entering the Result phase, this 
bit gets cleared. Reasons 1and 4do not require Sense 
Interrupt Status commands. 


The interrupt is cleared by ReadinglWriting data to the 
FDC.lnterrupts caused by reasons 2 and 3 above may 
be uniquely identified with the aid of the Sense Inter- 
rupt Status command. This command, when issued. 
resets the Interrupt signal and via bits 5, 6, and 7 ot 
Status Register 0 identifies the cause of the interrupt. 


BIT-5 
BIT-6 
BIT-7 
CAUSE 


0 
1 
1 
Ready 
line 
changed 
state, either polarity. 


1 
0 
0 
Normal Termination 
of 
Seek 
or 
Recalibrate 
command. 


1 
1 
0 
Abnormal Termination of 
Seek 
or 
Recalibrate 
command. 


The Sense Interrupt Status command 
is used in 
conjunction with the Seek and Recalibrate commands 
which have no Result phase. When the disk drive has 
reached the desired head position, the ST37C65 will 
Set the Interrupt line true. The host CPU must then 
issue a Sense Interrupt Status command to determine 
the actual cause of the interrupt, which could be Seek 
End or a change in ready status from one ofthe drives. 
See Figure 7. 


The Specify command sets the initial values for each 
of the three internal timers: The HUT (Head Unload 
Time) defines the time from the end of the Execution 
phase of one of the ReadlWrite commands to the 
head unload state Thistimeris programmable from 16 
to 240ms in increments 
of 
16ms 
(01=16ms, 


02=120ms, OF=240ms). The SRT (Step Rate Time) 
defines the time 
inteNal 
between adjacent step 
pulses. This timer is programmable from 1to 16ms in 
increments of 1ms (F=1ms, E=2ms, D=3ms, etc.). 
The HLT (Head Load Time) defines the time between 
when the Head Load signal goes high and the Read! 
Write operation starts. This timer is programmable 
from 2 to 254ms in increments of 2ms (01=2ms, 
02=4ms, 03=6ms ... 
7F=254ms). 


The time inteNals 
mentioned above are a dirert 
lunction oftne clock (CLK on pin 23). Times indicated 
above are for a 16MHz clock; if the clock was reduced 
to 8MHz, then all time inteNals are increased by a 
factor of 2. If the clock was increased to 32MHz, then 
all time in teNals are decreased by half. 
The choice ot DMA or non-DMA operation is made by 
the ND (Non-DMA) bit. When this bit is high (ND = 1), 
the Non-OMA mode is selected; and when ND = 0, the 
DMA mode is selected. 


Sense Drive Status 
This command may be used bythe processorto obtain 
the status of the FDDs. Status Register 3 contains the 
Drive Status information stored internally in FDC 
registers. 


Invalid 
If an Invalid command is sent to the FDC (a command 
not defined above), then the FDC will terminate the 
command after bits 7 and 6 of Status RegisterO are set 
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to 1 and a respectively. No interrupt is generated 
during this condition. Bits 6 and 7 (010 and ROM) in 
the Main Status Register are both high (1), indicating 
to the processor that the ST37C65 is in the Result 
phase and the contents of Status Register a (STO) 
must be read When the processor reads Status Reg- 
ister 0, it will find an 80 hex, indicating an Invalid 
command was received. 


A Sense Interrupt Status command must besent after 
aSeek or Recalibrate interrupt; otherwise the FOCwill 
consider the next command to be an invalid com- 
mand. In some applications, the user may wish to use 
this command as a No-Op command to place the FOC 
in a standby or No Operation state. 


GAP 
SYNC 
lAM 
GAP 
SYNC 
lOAM 
C 
H 
S 
N 
C 
GAP 
SYNC 
DATA 
DATA 
C 
GAP 
GAP 


(4a) 
6x 
FC 
(1) 
6x 
FE 
Y 
0 
E 
0 
R 
(2) 
6x 
AM 
R 
(3) 
(4b) 
40x 
00 
26x 
00 
L 
C 
C 
11x 
00 
FB 
C 


FF 
FF 
FF 
or 
F8 


GAP 
SYNC 
lAM 
GAP 
SYNC 
lOAM 
C 
H 
S 
N 
C 
GAP 
SYNC 
DATA 
DATA 
C 
GAP 
GAP 


(4a) 
12x 
3x 
(1) 
12x 
3x 
Y 
0 
E 
0 
R 
(2) 
12x 
AM 
R 
(3) 
(4b) 


80X 
00 
C2 
SOx 
00 
A1 
L 
C 
C 
22x 
00 
3x 
C 


FF 
FC 
4E 
FE 
4E 
A1 
FB 
F8 
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SY!lltJQI 
·~~ra~~teri .. 
Limits 
Units' 


,;-. 


Conditions 
Ii 
..ii 
............ , 
Typ 
Max 
i 
.•........ 


T, 
Clock 
high pulse duration 
13.5 
ns 
T2 
Clock 
low pulse duration 
13.5 
ns 
T3 
Clock 
rise/fall 
time 
2 
ns 


T. 
AO, CS*, DACK* 
set up time 
0 
ns 
to RD*low 
T5 
RD*width 
90 
ns 
T6 
AO, CS*, DACK* 
hold time 
0 
ns 
to RD* high 
Ts 
Data access time from 
RD* low 
90 
ns 
T9 
Data bus to float delay from 
RD* high 
10 
65 
ns 


T,o 
IRQ reset delay time from 
RD* high 
T,s 
ns 
+150ns 
Tll 
AO, CS*, DACK*, 
LDCR*, 
LDOR* 
0 
ns 
set up time to WR* 
low 


T'2 
WR*width 
60 
ns 


T'3 
AO, CS*, DACK*, 
LDCR*, 
LOOR* 
0 
ns 
hold time from WR* 
high 


T'5 
Data set up time to WR* 
high 
80 
ns 


T'6 
Data hold time from WR* high 
0 
ns 
T17 
IRQ reset delay time from WR* 
high 
T,s 
ns 
+150ns 


T,s 
OMA cycle time 
52 
T,s 


T'9 
OACK* 
delay time from 
OMA high 
0 
ns 
T20 
OMA reset delay time from 
OACK* 
low 
140 
ns 
T2, 
OACK*width 
90 
ns 
T22 
RO* or WR* 
response 
from 
DMA high 
48 
T,s 


T23 
RD* delay from 
OMA 
0 
ns 


T2• 
WR* delay from 
OMA 
0 
ns 
T2S 
TC delay from 
last OMA or IRQ, RO* 
0 
192 
T,s 


T29 
TC delay from 
last OMA or IRQ, WR* 
0 
384 
T,s 


T30 
TC width 
60 
ns 
T3, 
Reset width - TIL 
driven 
CLK1 
60 
ns 
T32 
Chip access 
delay from 
RST low 
32 
T,s 


T33 
OIRC* 
hold & set up to STEP* 
low 
4 
T,s 


T34 
STEP* 
active 
time 
low 
24 
T,s 


T35 
OIRC* 
hold time after STEP* 
96 
T,s 


T36 
STEP* 
cycle time 
132 
T,s 


T37 
OSX* hold time from 
STEP* 
low 
20 
T,s 


T38 
IOX* index 
pulse width 
2 
T,s 


T39 
ROO* 
active 
time 
low 
40 
ns 
T.o 
WO* write data width 
low 
1/2 
WCLK 


I··•••••••·••••••·•••·····••······· 


ST37C65 


Supply 
range 


Voltage 
at any pin 
Operating 
temperature 
Storage 
temperature 
Package 
dissipation 


7 Volts 
GNO-0.3 
V 
to 
VCC+0.3 
V 
00 C to 
+700 C 
_400 C to +1500 C 
500 mW 


Symbol 
Parameter 
Limits 
Units 
Conditions 
Min 
Typ 
Max 


V,L 
Input low level 
-0.5 
0.8 
V 


V,H 
Input high level 
2.2 
VCC 
V 


VOL 
Output 
low level for Ox, IRQ, 
0.4 
V 
IOL=24 mA 
OMA 


VOH 
Output 
high level for Ox, IRQ, 
2.8 
V 
IOH=-5 mA 
OMA 


VoLHe 
Output 
low-high 
current 
0.4 
V 
IOL=24 mA 
open drain 


Ice 
Avg. 
power supply 
current 
5 
mA 


Ieee 
Power down current 
100 
~ 


IlL 
Input leakage 
±10 
~ 


VILT 
Input low trashold 
- "Schmitt" 
0.8 
1.1 
V 


V,HT 
Input high trashold 
- "Schmitt" 
1.7 
2.0 
V 


VHYS 
Schmitt 
trigger 
hysterisis 
0.45 
V 


EXTERNAL 


CLOCK 


T2 
:.. 
.: 


--J~~T-1 
~ 


:.. 
.i 
-.;:'- 


T3 
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AO,CS* 
DACK* 


. 
T5 
~,i 
T6 
T4 -!~--- 
I~ 
~i 
------., 


AO,CS* 
DACK* 


~ 
T13 
.! 


~T17'\~---- 


..··.·.·····1····.···.· 


\~ 


.i; 
-----~~--~t 
.1 T9 


·1~·!~T8 .1~15 
·r T16 


••••••••••••••••••••••••••••••••••••••••••••••••• 
~. 
j 


DMAorlRQ 
1 


T29 I~ 
.i~ 


; 


_________ 
T2_8_i ~ 
i 
\~- 
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__ 
I 


T31 i 


Ollll 
\_---- 
·iOllll 
.! T32 


; 
-----\_--- 


DIRe· 
\ 
I 


T33 
10IIII 
.iOllll 
.10IIII 
.1 T35 
T34 


STEp· 
\ 
V 
\ 
I: 


T36 
10IIII 
.i 


iOllll 
.y 
\ 


T37 
DSx· 


10IIII 
.1138 


IND· 
\ 
I 


'0IIII 
.i 139 


\ 
I 
RDD· 
\ 


10IIII 
.i T40 


WD· 
\ 
! 
\ 


1·····.··.·11···.···················· 
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I DESCRIPTION 


i 


The ST78C36 
is a monolithic 
Bidirectional 
ECP/EPP 
Parallel 
port designed 
to operate as a general 
purpose 
1/0 port. 
It contains 
all the 
necessary 
input/output 
signals 
to be configured 
as a CENTRONICS 
printer 
port, MicroSoft/HP 
ECP, IBM EPP smart printer 
port. 
The 
ST78C36 
is a general 
purpose 
input/output 


controller 
with 16 byte internal 
FIFO. 
FIFO operation 


can be enabled ordisabled. 
ForCENTRONICS 
printer 
operation, 
all registers 
are mapped 
to IBM printer port 


registers. 
The 
ST78C36 
is designed 
to 
operate 
as normal 


printer 
interface 
without 
any additional 
settings. 


I FEATURES 


i 


.16 
bytes of printer 
output 
FIFO 


• Bi-directional 
parallel 
port 


• Bi-directional 
1/0 ports 
• Register 
compatible 
to IBM XT, AT, 
compatible 


386,486 
• MicroSoft 
ECP compatible. 


I ORDERING 
INFORMATION 
, 


Part number 
ST78C36CJ44 
ST78C361J44 
ST78C36CQ48 


Package 
PLCC 
PLCC 
TQFP 


Operating 
temperature 
0° C to + 70° C 
-40° C to + 85° C 
0° C to + 70° C 


·.··••·••. 1··.·······.··.·····.·.·· 
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Symbol 


ERROR* 
General purpose input or line printer error (active low). This 
is an output from the printer to indicate an error by holding 
it low during error condition. 


General purpose input or line printer selected (active high). 
This is an output from the printer to indicate that the line 
printer has been selected. 


General purpose input or line printer busy (active low). An 
output from the printer to indicate printer is not ready to 
accept data. 


General purpose input or line printer acknowledge (active 
low). This input is pulsed low by the printer to indicate that 
data has been accepted successfully. 


General purpose input or line printer paper empty (active 
high). An output from the printer to indicate out of paper. 


Terminal Count (active high). This signal indicates to 
ST78C36 that data transfer is complete. If DMA operation 
mode is selected for command 
execution, TC will be 
qualified by DACK*, but not in the programmed I/O execu- 
tion. 


Direct Memory Access Request (three state, active high). 
DMA request for byte transfers of data. 


DMAACKNOWLEDGE (active low). Used by DMA control- 
ler to transfer data from the ST78C36 onto the bus. 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus. 


Host address enable (active low). All decoded addresses 
are valid when AEN* is low. 


Printer interrupt output (active low). To signal the state of 
the printer port. This pin tracks the ACK* input pin, When 
ACK* is low IRQ is low and when ACK* is high IRQ is high 


Crystal input 1 or external clock input. A crystal 
can be 
connected to this pin and XTAL2 pin to utilize the internal 


I•••••·••·••• 
•••••• 
•••••••·•···•••••••·• 
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·Syr'nboF 
.' 
> )Sigoal 
Type 1\ 
Pin Description' 


i 


.': 
", 
... 


oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generatorforcustom 
transmis- 
sion rates. 


XTAL2 
21 
I 
Crystal input 2 or buffered clock output. See XTAL 1. 


CS* 
22 
I 
Parallel printer port chip select (active low). A low at this pin 
enables the parallel port / CPU data transfer operation. 


RESET 
24 
I 
Master reset. (active high)A high onthis pin will reset all the 
outputs and internal registers. 


~TROBE* 
25* 
. 
I/O 
General purpose 
I/O or data strobe output (open drain 
active low). This output indicates to the printer that valid 
data is available at the printer port (PDO-PD7). 


AUTOFDXT* 
26* 
I/O 
General purpose I/O or automatic line feed (open drain 
active low). When this signal is low the printer should 
automatically line feed after each line is printed. 


INIT 
27* 
I/O 
General purpose I/O or initialize line printer (open drain 
active low). When this signal is low, it causes the printer to 
be initialized. 


SLCTIN* 
28* 
I/O 
General purpose I/O or line printer select (open drain active 
low). When this signal is low, it selects the printer. 


A10 
29 
I 
Address select line. To select internal registers. 


PDO-PD7 
31-38 
I/O 
Bi-directional parallel ports (three state). To transfer data in 
or out of the ST78C36 parallel port. PD7-PDO are latched 
during output mode. 


AO-A2 
39-41 
I 
Address select lines. To select internal registers. 


10W* 
42 
I 
Write strobe (active low). A Iowan this pin will transfer the 
contents of the CPU data bus to the addressed register. 


10R* 
43 
I 
Read strobe (active low). A low level on this pin transfers 
the contents of the ST78C36 data bus to the CPU. 


GND 
23,30 
0 
Signal and power ground. 


VCC 
44 
I 
Power supply input. 
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INTRODUCTION 
This parallel interface is designed to provide all of the 
signals and registers neededto communicate through 
a standard parallel printer port as found in the IBM PC, 
AT, PS/2 and Centronics 
systems. The address 
decoding of the registers utilizing AO,A1 and A10 is 


shown in Table 1.All bits in these registers are located 
in the same positions and have the same functions as 
the registers of the systems listed above. 


DATA 
Port+O Hex 
RIW 
byte 
000 
Data Register 
DATA 
Port+O Hex 
RIW 
byte 
001 
Data Register 
AFIFO 
Port+O Hex 
RIW 
byte 
011 
ECP FIFO 
STR 
Port+1 Hex 
R 
byte 
ALL 
Status Register 
CTR 
Port+2 Hex 
RIW 
byte 
ALL 
Control Register 
CFIFO 
400 Hex 
RIW 
PWord 
010 
Parallel Port Data FIFO 
DFIFO 
400 Hex 
RIW 
PWord 
011 
ECP FIFO 
TFIFO 
400 Hex 
RIW 
PWord 
110 
Test FIFO 
CNFGA 
400 Hex 
RIW 
byte 
111 
Configuration Register A 
CNFGB 
401 Hex 
RIW 
byte 
111 
Configuration Register B 


ECR 
402 Hex 
RIW 
byte 
ALL 
Extended Control Register 


DATA REGISTER (Mode 000, 001) 
This is a bi-directional data port that transfers 8-bit 
data to or from PD7-0. The CTR-5 bit will determine 
the data direction in conjunction with the Read and 
Write strobes. 


AFIFO (Mode 011) 
ECP Add FIFO register. Write only. In the forward 
direction a byte written into this register is pushed into 
the FIFO and tagged as a ECP Address / RLE 
command. Reading this register has no effect and the 
data read is undefined. Writes to this register during 
backward direction have no effect and the data is 
ignored. 


Bit-7: 
1 = AFIFO bits 0-6 are ECP address. 
0= AFIFO bits 0-6 isa run length (RLE), indicating how 
many times the next data byte is to appear. 


000000 = 1 time. 
000001 = 2 time. 
000010 = 3 time. 
and so on. 


Bit 0-6: 
Address or RLE fields. 


STATUS REGISTER 
This register provides status for the signals listed 
below. It a read only register. Writing to it is an invalid 
operation that has no effect. 


Bit-O: 
When in EPP mode, this is the time-out status bit. 
When this bit is "1". time-out occurred on EPP cycle 
(min. 101-15).It is cleared to "0" after STR is read. 
Consecutive reads(after the first read) always return 
"0". It isalso cleared to "0"when EPP isenabled. When 
not in EPP mode, this bit is "1". 
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Bit-1: 
Reserved, this bit is always "1". 


Bit-2: 
Inthe compatible mode, or in ECP and EPP mode with 
bit-4 of PCR = 0, this bit is always "1". In the Extended 
Mode (PTR-7 bit is "1"), or in ECP and EPP with bit-4 
of PCR = 1 this bit is the status bit. In the Extended 
mode, If CTR-4 = 1 , then this bit is latched low when 
the ACK* signal makes a transition from low to high. 
Reading this bit sets it to a "1". 


Bit-3: 
This bit represents the current state ofthe printer error 
signal. The printer sets this bit low when there is a 
printer error. This bit follows the state of the error pin. 


Bit-4: 
This bit represents the current state of the printer 
select signal (SLCT). The printer sets this bit high 
when it is selected. This bit follows the state of the 
SLCT pin. 


Bit-5: 
This bit represents the current state of the printer 
paper end signal (PE). The printer sets this bit high 
when it detects the end of the paper. This bit follows 
the state of the PE pin. 


Bit-6: 
This bit represents the current state of the printer 
acknowledge signal (ACK*). The printer pulses this 
signal low after it has received a character and isready 
to receive another one. This bit follows the state of the 
ACK* pin. 


Bit-7 
:This bit represents the current state of the printer 
BUSY* signal. The printer sets this bit low when it is 
BUSY* and cannot accept another Characters. This 
bit is the inverse of the (BUSY*) pin. 


CONTROL REGISTER 
This register provides all output signals to control the 
printer. Except for bit-5, it is a read and write register. 


Normally when the Control Register is read, the bit 
values are provided by the internal output data latch. 
These bit values can be superseded by the logic level 
ofthe STROBE*, AFO*, INIT, and SUN* pins, if These 
pins are forced high or low by an external voltage. In 
orderto force these pins high or low the corresponding 
bits should be set to their Inactive state. 


Bit-O: 
This bit directly controls the data STROBE* signal to 
the printer via the STROBE* pin. This bit isthe inverse 
of the pin. 


Bit-1: 
This bit directly control the automatic feed XT signal 
to the printer the AFO* pin. Setting this bit high causes 
the printer to automatically feed after each line is 
printed. This bit is the inverse of the AFO* pin. 


Bit-2: 
This bit directly controls the signal to initialize the 
printer via the INIT pin. Setting this bitto low initializes 
the printer. This bit follows the INIT signal pin. 


Bit-3: 
This bit directly controls the select in signal to the 
printer via the SUN* pin. Setting this bit high selects 
the printer. It is the inverse of the SUN* pin. 


Bit-4: 
This bit enables the parallel port interrupt. Setting this 
bit low puts IRQ into THREE-STATE and clears any 
pending interrupts. In the AT Compatible Mode, or in 
EPP or ECP modes when this bit is set high, the IRQ 
signal follows the ACK* signal transitions 
(pulse 
interrupt). In the Extended Mode, or in either EPP or 
ECP modes when this bit is set high, The IRQ signal 
should set high on the low to high transition of the 
ACK* signal. 


Bit-5: 
This bit determines the parallel port direction. The 
default condition results in the parallel pin being in the 
output mode. This is a ReadlWrite bit in EPP mode. In 
compatible mode it is a write only bit; a read from it will 
return "1". 
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Bits 6-7: 
Reserved. These bits are always. 


CFIFO (Mode 010) 
Parallel Port FIFO Register. Write only. A bytewritten, 
or DMA-ed, to this registers pushed into The FIFO and 
tagged as data. Reading this register has no effect and 
the data read is undefined. 


DFIFO (Mode 011) 
ECP Data FIFO Register. In the forward direction a 
byte written, or DMA-ed, to this register is pushed into 
the FIFO and tagged asdata. Reading this register has 
no effect and the data read is undefined. In the 
backward direction the ECP automatically issues ECP 
read cycles to fill the FIFO. Reading this register pops 
a byte from the FIFO. Writing this register has no 
effect and the data written is ignored. 


TFIFO (Mode11 0) 
Test FIFO Register. A byte written into this register is 
pushed into the FIFO. A byte read from this register is 
popped from the FIFO The ECP does not issue a ECP 
cycle to transfer the data to or from the peripheral 
device. The TFIFO is readable and writ able in both 
directions. Inthe forward direction PD7-0 isdriven, but 
the data is undefined. The FIFO does not stall when 
overwritten or under-run (access is ignored). Bytes are 
always read from the top ofthe FIFO, regardless ofthe 
direction bit. 


CNFGA(Mode 
111) 
Configuration Register A. Read only. Reading this 
register always returns 10Hex. Writing this register 
has no effect and the data is ignored. 


CNFGB (Mode111) 
Configuration Register B. Read only. Reading this 
register returns the configuration parallel port interrupt 
line, and its state. 


ECR 
Extended Control Register. This register controls the 
ECP and parallel port functions. 
Upon reset this 
register is Initialized to 16Hex. 


Bit 5-7: 
Mode 000: 
Standard mode. Write cycles are performed under 
software control. Bit-Sof CTR isforced to "0· and PD7- 
o is driven. The FIFO is reset (empty). 


Mode 001: 
PS/2 mode. Read and write 
cycles are performed 
under software control. The FIFO is reset. 


Mode 010: 
Parallel Port FIFO mode. Write cycles are performed 
wider hardware control (STROBE* is controlled by 
hardware). Bit-Sof CTR is forced to "0· and PD7-0 are 
driven. 


Mode 011: 
ECP FIFO mode. The FIFO direction is controlled by 
bit-S of CTR. Read and write cycle to the device are 
performed under hardware control (STROBE* and 
AFD* are controlled by hardware). 


Mode 100: 
Reserved. 


Mode 101: 
Reserved. 


Mode 110: 
FIFO test mode. The FIFO isaccessible via theTFIFD 
register. The ECP does not issue ECP cycles to filiI 
empty the FIFO. 


Mode 111: 
Configuration 
mode. 
The CNFGA 
and CNFGB 
registers are accessible in this mode. 


Bit-4: 
ECP Interrupt Mask bit. When this bit is "0· an interrupt 
isgenerated on ERROR assertion. An interrupt is also 
generated when ERROR is asserted while this bit is 
changed from "1" to "0"; this prevents the loss of an 
interrupt between ECR read and ECR write. When this 
bit is "1·, no interrupt is generated. 
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Bit-3: 
ECP DMA Enable bit. When this bit is "0", DMA is 
disabled and the PDRQ pin is in TRI-STATE. When 
this bit is "1" , DMA is enabled and DMA starts when 
bit-2 of ECR is "0". 


Bit-2: 
ECP Service bit. When this bit is "0", and one of the 
following three interrupt events occur, an interrupt is 
generated and this bit is set to "1" by hardware. 


a. 
Bit-9 of ECR is "1", and terminal count is 
reached during DMA. 


b. 
Bit-3 of ECR is "0" and bit-Sof CTR is "0", and 
there are eight or more bytes free in the FIFO. 


c. 
Bit-3 of ECR is "0" and bit-S of CTR is "1", and 
there are eight or more bytes to be read from the 
FIFO. When this bit is "1", DMA and the above 
three interrupts are disabled. Writing "1"to this bit 
does not cause an interrupt. When the ECP clock 
is stopped this bit is read as "0", regardless of its 
actual value. 


Bit-1 : 
FIFO Full bit. Read only. This bit is "0" when the FIFO 
has at least one free byte. This bit is "1"when the FIFO 
is full. This bit continuously reflects the FIFO state, 
and therefore can only be read. Data written to this bit 
is ignored. When the ECP clock is stopped the bit is 
read as "1", regardless of the actual FIFO state. 


Bit-O: 
FIFO Empty bit. Read only. This bit is "0" when the 
FIFO has at least one byte of data. This bit is "1"when 
the FIFO is empty. This bit continuously reflects the 
FIFO 
state, and therefore can only be read. Data 
written to this bit is ignored. When the ECP clock is 
stopped, this bit is read as "1", regardless of the actual 
FIFO state. 


EXTENDED 
CAPABILITIES 
PARALLEL 
PORT 
(ECP) 
The ECP support includes a 15-byte FIFO that can be 
configured for either direction, command {data FIFO, 
a FIFO threshold interrupt for both directions, FIFO 


empty and full status bits, automatic generation of 
strobes (by hardware) to fill or empty the FIFO, 
transfer of commands and data, and a Run Length 
Encoding 
(RLE) 
expanding 
{decompression) 
as 
explained below. 


The Extended Capabilities 
Port (ECP) is enabled 
when bit-2 of PCR is "1". Once enabled, its mode is 
controlled via the mode field of ECR-bits5, 5, 70fECR 
register. 


The ECP has ten registers: 
The AFIFO, CFIFO, DFIFO 
and TFIFO 
registers 
access the same ECP FIFO. The FIFO is accessed at 
Base + OOOHex,or Base + 400Hex, depending on the 
mode field of ECR and the register. FIFO can be 
accessed by host DMA cycles, as well as host PIO 
cycles. 


When DMA is configured and enabled (bit-3 of ECR is 
"1" and bit-2 of ECR is "0") the ECP automatically 
issues DMA requests to fill the FIFO (in the forward 
direction when bit-Sof CTR is "0") orto empty the FIFO 
(inthe backward direction when bit-S of CTR is"1"). All 
DMA transfers areto orfrom these registers. The ECP 
does not assert DMA request for more than 32 
consecutive DMA cycles. The ECP stops requesting 
DMA when TC is detected during an ECP DMA cycle. 


Writing into a full FIFO, and reading from an empty 
FIFO, are ignored. The written data is lost, and the 
readdata is undefined. The FIFO empty and full status 
bits are not latched by such access. Some registers 
are not accessible in all modes of operation, or may be 
accessed in one direction only. Accessing a non- 
accessible 
register 
has no effect: 
Data read is 
undefined, data written is ignored, the FIFO does not 
update. The ST78C35 Parallel Port registers (DTR, 
STR and CTR) are not accessible when ECP is 
enabled. 


To improve noise immunity in ECP cycles, The state 
machine does not examine the control handshake 
response lines until the data has had time to switch. 
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b. 
When 
ECP is enabled, and the software 
wishes to switch modes, it should switch only 
through modes 000 or 001. 


c. 
When ECP is enabled, The software should 
change direction only in mode 001. 


d. 
The software should switch from mode 010, 
or 011, to mode 000, or 001 ,only when the FIFO 
is empty. 


e. 
The software should switch to mode 011when 
bits 0,1 of CTR are ·0". 


f. 
The software should switch to mode 01Owhen 
bit-O of CTR is ·0". 


g. 
The software should disable ECP only when 
in mode 000 or 001. 


Software 
may switch from 
mode 011 backward 
direction to modes 000 or 001 when there is an on- 
going ECP read cycle. In this case the read cycle is 
aborted by deasserting AFO*. The FIFO is reset and 
a potential byte expansion is automatically terminated 
since the new mode is 000 or 001. 


The ECP uses the Xtal1 clock. This clock can be 
stoppedforpowerdown 
mode. When this power-down 
mode occurs, the OMA is disabled, all interrupts ( 
except ACK*) are masked, and the FIFO registers are 
not accessible. The other ECP registers are always 
accessible when the ECP is enabled. Ouring this 
period the FIFO status and contents are not lost, 
although the host reads bit-2 of ECR as ·0", bit-1 of 
ECR as ·1" and bit-Oof ECR as ·1", regardless of the 
actual values of these bits. When the clock starts 
toggling 
again these 
bits 
resume 
their 
original 
functions. 


When the clock is stopped, an on going ECP cycle 
may be corrupted but the next ECP cycle will not start 
even if in forward direction the FIFO is not empty, and 
in backward direction the FIFO is not full. If the ECP 
clock starts or stops toggling during a host cycle that 


SOFTWARE CONTROLLED DATA TRANSFER 
(MOOES 000 ANO 001) 
Software controlled data transfer 
is supported 
in 


modes 
000 and 001. 
The 
software 
generates 
peripheral device cycle by modifying the OATA and 
CTR registers and reading the STR, CTR and OATA 
registers. The negotiation phase and nibble mode 
transfer, as defined in the IEEE 1284 standard, are 
performed in these modes. In these modes the FIFO 
is reset and is not 
Mode 000 is for the forward direction 
only; the 
direction bit is forced to ·0" and P07-0 is driven. Mode 
001 is for both the forward and backward directions. 
The direction bit controls whether P07-0 are driven. 


AUTOMATIC 
DATA TRANSFER (Modes 010 and 
011) 
Automatic data transfer (ECP cycles generated by 
hardware) is supported only in modes 010 and 011. 
Automatic OMA access to fill or empty the FIFO is. 
supported in modes 010,011 and 110. Mode 010 isfor 
---- 
the forward direction only; the direction bit is forced to 
·0" and P07-0 is driven. Mode 011 is for both the 
forward and backward directions. The direction bit 
controls whether P07-0 is driven. 
Automatic Run Length Expanding (RLE) is supported 
in the backward direction. 


Forward Direction 
(Bit-5 of CTR = 0) 
When the ECP is in forward direction and the FIFO is 
not full 
(bit-1 of ECR is ·0") the FIFO can be filled by software 
writes to the FIFO registers (AFIFO and OFIFO in 
mode 011, and CFIFO in mode 010). 
When OMA is enabled (bit-3 of ECR is ·1" and bit-2 of 
ECR is ·0") the ECP automatically 
issues OMA 
requests to till the FIFO with normal data bytes. When 
the ECP is in forward direction and the FIFO is not 
empty the ECP pops a byte from the FIFO write cycle 
to the peripheral device. 
The ECP drives AFO* 


according to the operation mode (ECR bits 5-7) and 
according to the tag of the popped byte as follows: In 
Parallel 
Port 
FIFO 
mode 
(mode 
010) AFO* 
is 
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controlled by bit "1" of CTR. In ECP mode (mode 011 
) AFD* is controlled by the popped tag. AFD* isdriven 
high for normal data byte and driven low for command 
byte. 


ECP (Forward) Write Cycle 
An ECP write cycle starts when the ECP drives the 
popped tag onto AFD* and popped byte onto PD7-0. 
When BUSY* is low the ECP asserts STROBE*. In 
010 mode the ECP deasserts STROBE* to terminate 
the write cycle. In 011 mode the ECP waits for BUSY· 
to be high. When BUSY* is high the ECP deasserts 
STROBE* and changes AFD· and PD7-0 only after 
BUSY* is low. 


Backward 
Direction 
(Bit-S of CTR is "1") 
When the ECP is in the backward direction, and the 
FIFO is not full (bit-1 of ECR is "0"), the ECP issues a 
read cycle from the peripheral device and monitors 
the BUSY* signal. If BUSY* is high the byte is a data 
byte and it is pushed into the FIFO.If BUSY· is low the 
byte is a command byte. 


The ECP checks bit-7 of the command byte, if it is high 
the byte is ignored, if it is low the byte istagged as an 
RLC byte (not pushed into the FIFO but used as a Run 
Length 
Count 
to expand 
The next 
byte read). 


Following an RLC read the ECP issues a read cycle 
from the peripheral device to read The data byte to be 
expanded. 
This byte is considered 
a data byte, 
regardless of its BUSY* state. This byte is pushed into 
the FIFO (RLC+ 1) times. 
When The ECP is in the backward direction, and the 
FIFO is not empty (bit-Oof ECR is "0"), the FIFO can 
be emptied by software reads from the FIFO register 
(only DFIFO in mode 011, no AFIFO and CFIFO 
read). When DMA is enabled (bit-9 of ECR is "1" and 
bit-2 of ECR is "0") the ECP automatically issues DMA 
requests to empty the FIFO (only in mode 011). 


ECP (Backward) 
Read Cycle 
An ECP read cycle starts when the ECP drives AFD* 
low. The peripheral device drives BUSY· high for a 
normal data read cycle, or drives BUSY* low for a 
command read cycle, and drives the byte to be read 


onto PD7-0. 
When ACK* is asserted the ECP drives AFD* high 
then reads the PD7-0 byte. When AFD* is high the 
peripheral device deasserts ACK* and may change 
BUSY· and PD7-0 states in preparation for the next 
cycle. 


FIFO TEST ACCESS (MODE 110) 
Mode 110 is for testing the FIFO in PIO and DMA 
cycles. Both read and write operations (pop and push) 
are supported, regardless of the direction bit. In the 
forward direction PD7-0 are driven, but the data is 
undefined This mode can be usedto measure the host 
ECP cycle throughput, usually with DMA cycles. This 
mode can also be used to check the FIFO depth and 
its interrupt threshold, usually with PIO cycles. 


CONFIGURATION 
REGISTERS ACCESS (MODE 
111) 
The two configuration registers, CNFGA and CNFGB, 
are accessible only in this mode. 


Interrupt 
Interrupt is generated when any of the following 
events occur. 


a. 
When bit-2 of ECR is "0", bit-3 of ECR is "1" 
and TC is asserted during the ECP DMA cycle. 


b. 
When bit-2 of ECR is "0", bit-3 of ECR is "0", 


bit-5 of CTR is "0" and There are eight or more 
bytes free in the FIFO. It includes the case when 
bit-2 of ECR is cleared to "0" and there are already 
eight or more bytes free in the FIFO (modes 010, 
011 and 110 only). 
c. 
When bit-2 of ECR is "0", bit-3 of ECR is "0", 
bit-5 of CTR is "1" and there are eight or more 
bytesto be read from the FIFO.It includes the case 
when bit-2 of ECR is cleared to "0" and there are 
already eight or more bytes to be read from the 
FIFO (modes 011 and 110 only). 


d. 
When bit-4 of ECR is "0" and ERROR is 
asserted (high to low edge) or ERROR is asserted 
when bit-4 of ECR is modified from "1" to "0". 
e. 
When 
bit-4 of CTR is "1" and ACK* 
is 
deasserted (Iow-to-high edge). The interrupt is 
generated according to bits 4, 5 and 6 of PCR. 
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Special circuitry provides protection against damage 
that might be caused when the printer is powered but 
the ST78C36 is not. 


Enhanced Parallel Port (EPP) modes of operation and 
one Extended 
Capabilities 
Port (ECP) mode to 


complete a full IEEE 1286 parallel port. In Compatible 
mode a write 
operation 
causes the data to be 


presented on pins PD7-0. A read operation In this 
mode causes the Data Register to present the last 
data written to it by the CPU. 


In the Extended mode a write operation to the data 
register causes the data to be latched. If the Data Port 
Direction 
bit (CTR-5) is "0", the latched data is 


presented to the pins; if it "1" the data is only latched. 
When Data Port Direction bit (CTR-5) is "0", a read 
operation from this register allows the CPU to read the 
last data it written to the port. In the Extended Mode 
with the Data Port Direction bit set to "1" (read), a read 
from this register causes the port to present the data 
on pins PD7-0. 
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r DESCRIPTION 


I 


The ST56C5XX is an advanced high performance 
super-I/O controller, designed to replace the IDE 
controller, 
four 
Floppy 
controllers, 
two 
serial 
ST16C550 UART's with advanced Microsoft/Hewlett 
Packard ECP, IBM EPP printer port and game port. 
The ST56C5XX utilizes digital phase locked loop for 
the floppy controller section to eliminate the external 
components 
( except 
the 
main 
crystal 
). The 


ST56C5XX is optimized for mother board applications 
as well as controller board applications. ST56C5XX 
provides high ESD circuits onthe printer data bus and 
I/O to prevent damage caused by the printer being 
powered when the ST56C5XX is not powered. 
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r FEATURES 
~ 
i 
• 
Licensed CMOS WD37C65C floppy controller. 


• 
Supports vertical recording format 


• 
100% IBM compatible 


• 
48 mA drivers and schmitt Trigger inputs. 
• 
DMA enable logic 
• 
FDC primary and secondary address selection 


• 
Two 16C550 serial ports 


• 
Microsoft/Hewlett Packard Bi-directional ECP 
parallel port 


• 
IBM EPP (Enhanced Printer Port) 
• 
16 bit IDE interface and decode logic 


• 
Game port 


• 
100 pin TQFP and QFP packages 
• 
Low power CMOS 1.2~ technology 


r ORDERING 
INFORMATION 


I 


Part number 
Package 


ST56CXXXCQ100 
QFP 


ST56CXXXCTQ100 TQFP 


Operating temperature 
0° C to + 70° C 
0° C to + 70° C 
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APPLICATION 
NOTES 


The AN-450 provides additional information to guide 
users to design or utilize the STARTECH product line. 
This 
document 
can 
also 
be used 
for 
all the 
STARTECH UART product lines. 


STARTECH offers UART's with or without FIFO capa- 
bilities, and are marked as 45X for non FIFO families 
and 55X for FIFO families. All parts with sharing part 
numbers are foot print compatible in some extent, like 
ST16C450 
and 
ST16C550, 
ST16C2450 
and 
ST16C2550, 
etc. 


This section will describe general terms for commonly 
used flags and registers. 


OVERRUN ERROR: 
The flag is set to "1" to warn the user that a serial data 
has been received and previous serial data has not 
been read from receive holding register. The new 
serial data will over write the previous data in the 
receive holding register. Notethat previous serial data 
has been lost and user does not have an access to that 
data. 


PARITY ERROR: 
This flag is set "1" to indicate that received serial data 
contains mismatched parity or data bit error in the 
received data. 


PARITY: 
Four common types of parities are used in the 
STARTECH Uart families; Odd Parity, Even Parity, 
Forced Mark Parity and Forced Space Parity. 


ODD PARITY: 
Odd Parity is calculated by adding all the"1 's" in a data 
stream and adding a parity bit to the total bits,to make 
the total count an odd number. 


Example -1: A data byte with the following pattern 
11010010 will require to add a parity bit of"1" to bring 
the total count for "1's" to an odd number. Based on 
this data pattern, serial data with odd parity will be 
transmitted as 110100101. 


Example -2: A 
data byte with the following pattern 
10011000 will require to add a parity bit of "0" to 
maintain the total count of "1's" to an odd number. 


Based on this data pattern, serial data with odd parity 
will be transmitted as 100110000. 


EVEN PARITY: 
. 


Even Parity is calculated by adding all the "1's" in a 
data stream and adding a parity bit to the total bits, to 
make the count an even number. 


Example -3: A data byte with the following pattern 
10000101 will require to add a parity bit of"1" to bring 
the total count for "1's" to an even number. Based on 
this data pattern, serial data with even parity will be 
transmitted as 100001011. 


Example -4: A data byte with the following pattern 
00001111 will require to add a parity bit of 
"a" to 
maintain the total count for "1's" to an even number. 
Based on this data pattern, serial data with even 
parity, will be transmitted as 000011110. 


FORCED SPACE PARITY: 
Parity bit on the serial byte is set to "0" regardless of 
total number of "1's" (even or odd counts). 


FORCED MARK PARITY: 
Parity bit on the serial byte is set to "1" regardless of 
total number of "1's" (even or odd counts). 


FRAMING ERROR: 
The flag isset to"1" to indicate that received data does 
not have correct start orstop bits. This can causewhen 
the Uarts are set for 8-bits word and receiving a serial 
data of 7-bits word or any mismatched data patterns. 


BREAK SIGNAL 
INDICATION: 
This flag is set to"1" to warn the user that transmitter 
is sending continuous "a" data without stop bit (RX 
input is low for more that one word). 


TRANSMIT/RECEIVE 
FIFO: 
STARTECH offers 16 byte transmit FIFO and 16 byte 
receive FIFO for all its products with 55X part num· 
bers. These FIFO's are static 19 X 16 bit RAM with 
control logic to form a ring counter. Initializing the 
FIFO will set the write and read pointers to the same 
location. 


TRANSMIT EMPTY: 
This flag is set 
"1" 
to indicate that, there is no 
character in the transmit holding and transmit shift 
register 
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TRANSMIT HOLDING EMPTY: 
This flag is set "1"to indicate t~at, there is one or more 
empty locations in the transmit holding register..User 
has to check this bit before loading characters In the 
transmit holding register. In non FIFO mode, user can 
load one character at a time when this flag is set and 
16 characters when FIFO mode is utilized. 


RECEIVER DATA READY: 
This bit is set "1" to indicate that, receiver has one or 
more character in the receive holding register. User 
has to check this bit prior to read receive holding 
register. In non FIFO mode, only one character at time 
can be read. In FIFO mode upto 16characters can be 
read if time bit is set. 


RECEIVE TIME-OUT: 
This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 


Example -7: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40 / 9 [(programmed word length = 
7) + (stop bit = 1) + (start bit = 1»)= 4.4 characters. 


Example -8: Ifuser programs the word length = 7, with 
parity and one stop bit, the time out will be: 
T = 4 X 7(programmed word length) + 12 = 40 bits 
Character time = 40/ 10 [ (programmed word length 
= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 
characters. 


BAUD RATE GENERATOR: 
STARTECH provides a 16 bit digital dividerto obtain 
all necessary baud rates. The 16 bit divider is broken 
down in to two 8-bit dividers which will be addressed 
as MSB divider (upper 8-bits) and LSB divider (lower 
8-bits). To calculate the transmiUreceive data rate it 
is necessary to know the provided clock rate (fre- 
quency) to STARTECH parts. STARTECH utilizes 16 
clocks for each transmit bit and 16 clocks to sample 
the received data. Note that inorder to access these 


dividers, user hasto enable the divisor latch access bit 
through the Line Control Register. 


Bit rate is calculated by: 
Dividing decimal number = (Clock rate) / (16 X bit 
rate). 
To program the digital divider, dividing decimal num- 
ber should be converted to hex (base 16) number and 
split into two 8-bits sections. 


Example -5: To obtain 4800 Hz baud rate, assuming 
1.8432 MHz input clock, the dividing decimal value is 
( input clock=1843200) / (16 X 4800) = 24 


24decimal = 0018 Hex, this value istranslated to MSB 
= 00 Hex and LSB = 18 Hex. 


BAUD RATE VERSUS BIT RATE: 
The baud rate defines the width of each bit regardless 
of word, parity and stop bit length. Bit rate! is the ra~e 
of the transmission which each character IS transmit- 
ted or received. The 2400 baud rate transmission is 
translated to 2400 Hz per bit for each character in a 
word. With 2400 baud you can transmit between 7 to 
12 characters per slot. 


PROGRAMMING 
STEPS: 
The AN-450 provides the easy steps to progra~ 
STARTECH Uart family. Note that all numbers are In 
Hex format not decimal. 


Write 80 Hex to LCR (Line Control Register) to enable 
baud rate generator divider latch 
to set 2400 Hz baud rate: 
write 00 Hex to MSB of baud rate generator (address 
location 1). 
Write 30 Hex to LSB of baud rate generator (address 
location 0). 


Select you word, parity and stop bit format from 
STARTECH Uart data sheet. 
to set 8 bits, no parity and one top bit and disable the 
divisor access latch 
write 03 Hex to LCR (Line Control Register): 


if you needto use Uarts with FIFO, select your receive 
trigger level from data sheet. 
to enable FIFO with 14 character trigger level 
write CF Hex to FCR (FIFO Control Register) 


APPLICATION 
NOTES 


enable interrupt sources 
write 01 Hex to IER (Interrupt Enable Register) to 
select receive interrupt. 


to set RTS and DTR outputs to low and enable the 
interrupt output 
write OBHex to MCR (Modem Control Register). 


The STARTECH Uart isready fortransmit and receive 
operation. 


Read MSR (Modem Status Register) to check the 
status of CD, RI, DSR, CTS input pins. 


For polling applications (non interrupt mode) user has 
to monitor bit zero of this register to verify valid data 
in the receive holding register. 


Check the Transmit Holding Empty bit before loading 
data in the transmit holding register, 
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NOTES 


; File: sample.c 
Package:UART init 


; This is a sample code to show how to initialize the UART series of chips 
; from Startech Semiconductors. 
; This also includes some basic external loop back thru' two different 
; ports using the FIFO capability. 
; This also includes external loop back thru a different computer 


#include 
<stdio.h> 
#include 
<string.h> 
#include 
<fcntl.h> 


#define 
TRUE 
1 
#define 
FALSE 
0 


/* These are the various offsets for the registers inside the chip */ 
#define 
RHR 
OxOO/* Receive Holding Register 
*/ \ 


#define 
THR 
OxOO/* Receive Holding Register 
*/ 
#define 
IER 
Ox01 /* Interrupt Enable Register 
*/ 
#define 
FCR 
Ox02 /* FIFO control Register 
*/ 
#define 
ISR 
Ox02 /* Interrupt Status Register 
*/ 
#define 
LCR 
Ox03 /* Line control register 
*/ 
#define 
MCR 
Ox04 /* Modem Control Register 
*/ 
#define 
LSR 
Ox05 /* Line Status Register 
*/ 
#define 
MSR 
Ox06 /* Modem Status Register 
*/ 
#define 
SCR 
Ox07 /* Scratch pad Register 
*/ 


/* This two offsets are used for defining the baud rate 
*/ 
#define 
DIVLSB 
OxOO/* Divisor LSB latch address 
*/ 
#define 
DIVMSB 
Ox01 /* Divisor MSB Latch address 
*/ 


/*\ 
* Program table for baud rate 
* This represents the LSB and MSB divisor latch data 
\*/ 
char baud_table[8][2] = { 
{ Ox80, Ox01}, 
{ Ox60, OxOO}, 
{Ox30, OxOO}, 
{OxOc, OxOO}, 
{ Ox06, OxOO}, 
{ Ox03, OxOO}, 
{ Ox02, OxOO}, 
{ Ox01, OxOO} 


/* 300 */ 
/* 1200 */ 
/* 2400 */ 
/* 9600 */ 
/* 19K */ 
/* 38k */ 
/* 56k */ 
/*115k*/ 


APPLICATION 
NOTES 


/* Baud Rates *1 
#define 
-COM_300_ 
0 
#define 
-COM_1200_ 
1 
#define 
-COM_2400_ 
2 
#define 
-COM_9600_ 
3 
#define 
-COM_19K_ 
4 


#define 
-COM_38K_ 
5 


#define 
-COM_56K_ 
6 


#define 
-COM_115K_ 
7 


1* Parity *1 
#define 
-COM_NOPARITY _ 
0 


#define 
-COM_ODDPARITY _ 
1 


#define 
-COM_EVENPARITY _ 
2 


1* Stopbits *1 
#define 
-COM_STOP1 
0 


#define 
-COM_STOP2_ 
1 


#define 
-COM_STOP1_5_ 
1 


/* word length *1 
#define 
-COM_CHR5- 
0 


#define 
-COM_CHR6_ 
1 


#define 
-COM_CHR7- 
2 


#define 
-COM_CHR8_ 
3 


1* word length *1 
#define 
-COM_FIF01 
0 


#define 
-COMfIF04_ 
1 


#define 
-COM_FIF08_ 
2 


#define 
-COM_FIF014_ 
3 


/*\ 
* This function checks the existence of a port. 
* It is very simple. Take the port address then write to the scratch pad 
* an the read it back. If the data read back the same as one that was 
* written then return TRUE else return FALSE. 
\*1 
int 
check_port(com_port) 
int com_port; 
{ 


printf("Checking for port %4xH\n",com_port); 
1* Write 1010 1010 (Oxaa)to scratch pad*1 
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printf("Writing 
AAH in %4xH\n",com_port); 


outportb(com_port 
+ SCR, Oxaa); 


r read it back. 
If it the same then return TRUE */ 


i = inportb(com_port 
+ SCR); 


if( i == Oxaa) 
return TRUE; 


else 


return 
FALSE; 


/*\ 
* This is the work horse function 
which 
actually 
setups the UART. 


* It needs to know every thing. 
\*/ 
int 
init_uart(port, 
baud ,parity ,data,stop, fifo, trigger) 


int port, baud, parity ,data,stop, fifo, trigger; 
{ 


r Set divisor 
latch */ 


outportb(port+LCR, 
Ox80) ; 


printf("Divisor 
Latch is %2xH 
%2xH 
(High Low)\n", 
baud_table[baud)[1], 
baud_table[baud)[O)); 


outportb(port+DIVLSB, 
baud_table[baud)[O)) 
; 
outportb(port+DIVMSB, 
baud_table[baud)[1)) 
; 


r Reset to normal 
Programming 
*/ 


/* Program 
the Icr_byte 
for the above 
parameters 
*/ 


Icr_byte 
= OxOO; 
Icr_byte 
= data; r Set the 
bitO & bit1 for word length */ 


Icr_byte 
;= stop « 
3; /* Set the bit2 for stop bit */ 


if(parity!= 
_COM_NOPARITY.J 
{ 


Icr_byte 
;= 1 «4; 
/* Set the bit3 for parity */ 


if(parity 
== _COM_EVENPARITY.J 


Icr_byte 
;= 1 « 
5; /* Set the bit4 for EVEN 
parity */ 


printf("LCR 
byte is %2xH\n",lcr_byte); 
r Program 
LCR 
*/ 


APPLICATION 
NOTES 


if(fifo) 
{ 
char fifo_byte; 


/* Have to first set the fifo enable */ 
fifo_byte 
= Ox01; 


outportb(port+FCR, 
fifo_byte); 


/* Now program 
the FIFO */ 
fifo_byte 
= Ox07; /* set bitO - FIFO enable, 
Reset RCVR 
and XMIT 
FIFO */ 
fifo_byte 
;= trigger « 7; /* set bit6 and bit7 with the trigger 
level */ 


/* Program 
FCR */ 
outportb(port+FCR, 
fifo_byte); 


if(-(inportb(port 
+ ISR) & OxcO» { 


printf("This 
port %4xH 
does not have FIFOs\n"); 
printf("Hence 
did not program 
Enable 
FIFOs\n"); 


/* Program 
IER */ 
printf("Programming 
IER for interrupt 
on bitO RCV holding 
Register\n"); 
outportb(port+IER, 
Ox01); 


retum 
TRUE; 


} 


/*\ 
* This is the test mode. 
* It gets the address 
of the ports checks to see if they are there. 


* Note: If a driver 
already 
exists 
I am not sure how to temporarily 
remove 
it. 


* Well we will worry 
about 
it later. 
* Wam 
the use to remove 
any drivers 
that are on the ports. 


* Especially 
the mouse 
driver. 


* pass the address 
to the test552 
routine. 


\*/ 
int test_modeO 
{ 
int i,j,k; /* generic 
variables 
*/ 
char port1 [1OJ, port2[10j; 
int pt1,pt2; 
/* this are the integer 
port numbers 
*/ 


APPLICATION 
NOTES 


printf(" 
printf(" 


have drivers installed in them. e.g Mouse driver\n"); 
Please remove the drivers before doing this test.\n"); 


while(TRUE) { 


printf("First Port Address (In HEX) > "); 
scanf("%s",port1 ); 
pt1 = strtol(port1 ,NULL,16); 
ff1ush(stdin); 
'*\ 
* Check if this port exists. else loop 
\*' 
if(check_port(pt1 )) 
break; 
printf("Error: Port %4xH does not exist. Try again\n",pt1); 


while (TRUE) { 


printf("Second Port Address (In HEX) > "); 
scanf("%s",port2); 
pt2 = strtol(port2,NULL,16); 
ff1ush(stdin); 
/*\ 
* Check if this port exists. else loop 
\*' 
if(check_port(pt2)) 
break; 
printf("Error: Port %4xH does not exist. Try again\n",pt2); 


'* Test 554 with the two port addresses *' 
test552(pt1,pt2); 


'*\ 
* It first generates a random number for the data size to be generated. 
* Then generates a random data whose length is equal to the data size. 
* It puts it out on both the ports and polls for the interrupt to occur. 
* It reads both the ports until all characters are received OR a timeout 
* has occured. It then prints out the error Messages if any. 
* This loop is done for ever. 
\*' 


APPL.ICATION NOTES 


void test552(p1 ,p2) 
unsigned int p1, p2; 
{ 
int i,j,c,w,n; 
unsigned char outbuf[20), inbuf1[20], inbuf2[20]; 
unsigned char pbuf[200j; 
unsigned long timeout, pass; 


printf("ST16C552 External Loop Test Beginningm") ; 
printf("Testing ports %4x and %4x\n\n", p1, p2) ; 
printf("Programing ports'for 56K,8 bit,no paritY,1 stop bit,FIFO trigger level 01\n"); 
printf("This program uses POLLED mode for testing\n"); 
printf("Press Cntrl-C to stop the testing and quit\n"); 
printf("Note: The ports will remain at the above settings after the TEST\n"); 


/* Programming ports for 8 bits, no parity, 56K baud, 
FIFO enabled at level 01 */ 
/* Program first port */ 
printf("Programming port %x4\n",p1); 
init_uart(p1 ,_COM_56K_,_COM_NOPARITY_, 
_COM_CHR8_,_COM_STOP1_, TRUE,_COMfIF01.J; 


/* Program Second Port */ 
printf("Programming port %x4\n",p2); 
init_uart(p2,_COM_56K_,_ COM_NOPARITY_, 
_COM_CHR8_,_COM_STOP1_, TRUE,_COM_FIF01.J; 


printf("Starting test\n"); 
for (pass = 1 ; ; pass++) { 
/* generate random size for data */ 
n = randO ; 
n += n» 
8; 
n &= OxOf; 


/* Make sure we never get a 0 as the random size data */ 
if(n != OxOf) 
n++ . 


/* generate random data */ 
for (w = 0 ; w < n ; w++) { 
c = randO; 
c += c» 
8; 
c &= Oxff 
c ;= Ox01 /* no NULLs allowed */ 
outbuf[w] 
c ; 
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/* Transmitt 
the data */ 
for (i = 0 ; i < n ; i++ ) { 
outportb(p1 
, outbuf[i]) 
; 
outportb(p2, 
outbuf[i]) 
; 


/* loop waiting 
for intr pending 
*/ 


for ( i = O;;i++ ) { 
if «-inportb(p1+ISR) 
& Ox01) && (-inportb(p2+ISR) 
& Ox01» 
break; 


/* receive 
data until all has been received 
OR timeout 
*/ 
timeout 
= Ox0008F 
; 
for (i = j = 0; «i < 20) && (j < 20»;) 
{ 


if (inportb(p1+LSR) 
& Ox01) inbuf1[i++] 
= inportb(p1) 
; 


c = randO ; 
c += c» 
8; 


c &= Ox001f; 
c++ ; 
for ( ; c != 0; c-) 
; 


if (inportb(p2+LSR) 
& Ox01) inbuf2U++] = inportb(p2) 
; 
if (timeout- 
== 0) break; 


/* If timed 
out then print message 
else comparse 
data */ 


if(timeout 
== 0 ) 
printf("Timed 
out on Ports\n"); 
else { 
inbuf1 [i] = inbuf2U] = NULL; 
/* compare 
results 
*/ 


if (strcmp(outbuf, 
inbuf1) 
;; ( i != n» { 
printf("\nError:%04x 
Sent: 
", p2) ; 


for (w = 0; w < n; w++) 
printf(" 
%02x", 
outbuf[w]) 
; 


printf("\n%04x 
Received:", 
p1) ; 


for ( w = 0; w < i; w++ ) 
printf(" 
%02x" , inbuf1 [w]) ; 
printf("\n") 
; 


} 
if (strcmp(outbuf, 
inbuf2) 
;; (j != n »{ 
printf("\nError:%04x 
Sent: 
", p1); 
for ( w = 0; w < n; w++ ) 
printf(" 
%02x", 
outbuf[w]) 
; 


APPLICATION 
NOTES 


printf("\n%04x 
Received:", 
p2) ; 
for ( w = 0; w < j; w++ ) 
printf(" 
%02x", 
inbuf2[wJ) 
; 


printf("\n") 
; 
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APPLICATION 
NOTES 


The ST49CXXX video I memory clock chips provide 
5-130 MHz clock outputs which may cause unwanted 
EMI problems. 
To minimize problems with meeting FCC EMI require- 
ments, consideration should be given to the following 
sections of the board design. 


Power supply conditioning 
Printed Circuit Board Layout 
Video I Memory clock outputs and drive capabilities 
External clock sources 
Reference clock sources 
Digital control I select inputs 
External loop filters 


Power supply 
considerations 
Under normal conditions no external components are 
required for propper operation of any of the internal 
circuitry of the ST49CXXX. It is required to have spike 
free ( or minimum) 
and stable supply source to the 
chips. To provide stable and clean supply voltage to 
STARTECH clock chips we recommend to use 0.1f!F 
capacitors close to IC's power supply lines (VCC, 
AVCC and DVCC inputs). Analog and digital supply 
lines are separated from each other to reduce noise 
generated due to internal digital switching. 
In most ofthe design cases+5V and +12Vsuppliesare 
provided. A clean +5V supply can be obtained from 
the +12V supply by utilizing a 4700 drop resistor and 
5.1V zener diode bypassed by 0.047f!F and 2.2f!F 
Tantalum capacitors ( or higher) to ground. 
Trace width should be maximized from the supply 
source and good ground planes on top and bottom 
layers of the printed circuit board are recommended. 


Printed Circuit Board (PCB) layout 
We recommend to place all external components as 
close as possible to the clock chips to reduce trace 
length between pin and component connections. It is 
important to keep components not related to clock IC's 
(DRAM and other memory devices) far and not share 
the grounds. In applications utilizing a multi-layer 
board, GND, AGND, and DGND should be directly 
connected to the ground plane. If possible A full power 
and ground plane layout should be employed both 
under and around the IC package. 


Video I Memory clock outputs and drive capabili- 
ties 
Video clock is usually the highest frequency present in 
video graphics system board/card and consideration 
should be given to FCC EMI requirements. 
The trace connecting DCLK and MCLK clock output 
pins to other components should be kept as close as 
possible ( with optional 330 resistor in series ) to 
reduce the possible emitting signals and jitter. 


External clock sources 
When an external clock source is used to bypass the 
internal VCO to DCLK and MCLK outputs, clock 
should have fast rise I fall times and minimum jitter. 
This signal will be connected internally to the clock 
output pin when it is selected I enabled. The internal 
VCO circuit will be locked to its internal selected 
frequency. 


Reference clock sources 
The internal oscillator circuit contains all of the pas- 
sive components required forthe external crystal. An 
appropriate parallel resonant crystal should be con- 
nected between XTAL 1 and XTAL2. 
The crystal leads and input pins should be maintained 
asclose as possible, andthe body of the crystal should 
be grounded to minimize the noise pickup. For IBM 
compatible applications, the 14.31818 MHz system or 
crystal clock is used as a reference clock to the chip. 


Digital control I select inputs 
The ST49CXXX provides TTL compatible 
address 
select and latch input pins to interface with CMOS or 
TTLI LSTTL devices. The AO-A4and MO-M1can also 
be connected to the Data bus if required. 
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The STARTECH 
semiconductor 
quality 
program 
starts with the design of new products. Each design 
circuit performance is verified using simulations over 
voltage and temperature 
values beyond those of 
specified product operation. 


The design process includes consideration of quality 
issues such as signal levels, power dissipation, noise 
generated from internal clock circuits and testability 
of all device functions. 


The STARTECH semiconductor document control 
department maintains control over all manufacturing 
specifications, lot travelers, procurement specifica- 
tions and drawings and test programs. 


All changes of design are subject to approval by the 
Engineering, Quality and Manufacturing managers. 


STARTECH semiconductor performs a thorough in- 
ternal product qualification priorto the delivery of any 
new product or enhanced existing products other than 
prototypes/samples. 


Schematics entry: 
Logic & Fault simulators: 
View Logic 
Startech Advanced 
Logic simulator 
Goliath 
(Startech 


, Layout synthesis) 
Opal 
Dracula 
Layout Editor: 
Layout Verification: 
D 
D 


SUN 
SUN 
Silicon Graphics 
~SCd:ty" 
~Spock· 
"Vulcan 
M 


'120 
.120 
16.., 
16 MB 
16 MB 
30125 
1r Mono 
1r Mono 
20·Cdor 


D 


S,n 
"Kirk" 
"." 
16" Color 
32.., 


150 samples from three different product lots are 
selected to perform extended temperature operation 
test, 85° CI 85% R.H. I 5.5V temperature humidity 
bias. Same samples are used for accelerated burn-in 
and electro-static tests. 


STARTECH semiconductor subcontracts its fabrica- 
tion process to ORBIT semiconductor 
located in 
Sunnyvale, California. Packaging and final testing are 
also subcontracted to other vendors located locally or 
overseas. 


1.2 
Determination of the Failure Rate 
In the simplest form, the failure rate prediction at a 
given temperature can be predicted as follows. 


Where: 


N= number of failures 
D= number of devices 
H= number of hours tested 


assuming that semiconductors exhibit a log normal 
distribution. 


Acceleration Factors 
The effects of temperature, voltage, time and other 
related functions are key when predicting life times of 
semiconductor devices. Understanding these effects 
with the use of a more accurate mathematical model, 
provides a better means of evaluating the change in 
reaction rate to changes in temperature. 


Where: 


F= Acceleration factor 
T1= Test temperature (" C+273) 
T2= Desired temperature (" C+273) 
k= Boltzman's constant (8.63 E-5eV I K) 
Ea= Thermal activation energy (eV) 


The equivalent device hours can be determined at 
temperature T2 can be expressed as: 


EDH (T2) = F (T1, T2) x DH (T1) 
The failure rate at T2 can be expressed as: 


Where: 


N= Number of failures 
EDH= Equivalent device hours 


1.3 
Activation 
Energies 
for 
Primary 
Failure 


Mechanisms 


Contamination 
Silicon 
Defects 


Polarization 
Oxide 
Breakdown 


Aluminum 
Migration 


Trapping 


1-1.4 eV 


0.5 eV 
1 eV 
0.3 eV 
0.5 eV 
1 eV 


Accelerated 
operating 
life stress 


Accelerated 
operating 
life stressing 
is performed 
to 


accelerate 
failure 
mechanisms, 
which 
are thermally 


activated, 
through 
the 
application 
of extreme 
tem- 
perature 
and dynamic 
biasing 
conditions. 
The typical 


temperature 
and voltage 
conditions 
used in the stress 


are 125°C with a bias level at the maximum 
data sheet 


specifications. 


85 °CI 85 % R.H. 
85 °CI 85 % R.H. 
is an environmental 
stress 
per- 


formed 
at a temperature 
of 85°C and relative 
humidity 


of 85%. The test is designed 
to measure 
the moisture 


resistance 
of encapsulated 
devices. 


Electrostatic 
discharge 
testing 


Electrostatic 
discharge 
testing 
is performed 
to deter- 


mine 
the 
handling 
sensitivity 
of 
a semiconductor 


device. 


CMOS 
latCh-up 
test 


CMOS 
latch-up 
test 
is performed 
to determine 
the 


sensitivity 
of a device 
input to overshoot 
and under- 


shoot signals 
connected 
to device 
inputs. 
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HIGH TEMPERATURE 
OPERATING 
LIFE 


High temperature operating life testing for as log as 96 hours, is used to estimate device early failure rate. Using 
our standard failure rate assumption, the early failure rate period extends through the first 2000 hours of device 
operation. Afterwards, the device reliability is characterized by the long term failure rate. 


Dynamic Operating Conditions, Vcc = 5.25 Volts, 150 0 C or 125 0 C, 
Frequency = 2 MHz. 


Early Failure Rate samples are tested between 48 and 96 hours HTOL 
at 150 0 C or 96 hours at 125 0 C. 


A failure is any device that fails to meet data sheet electrical require- 
ments following the HTOL test. Failure analysis is performed on every 
failure to identify the specific mechanism and determine a corrective 
action. Corrective actions are implemented and audited under the total 
quality management system. 


2.2 
Early Failure Rate Summary 


Technology 
No. of Devices Tested 
No. of Fails 
Failure mode 
Defects (PPM) 


ST16C450 
1000 
0 
None 
0 


ST16C550 
1500 
2 
Leakage 
1333 


ST16C452 
1500 
Functional 
666 


ST16C552 
2000 
0 
None 
0 


ST16C554 
2000 
Leakage 
500 


ST26C31 
1000 
0 
None 
0 


ST26C32 
1000 
0 
None 
0 


8-12 


A High temperature Operating Life test is used to estimate long term reliability. By operating the devices at 
accelerated temperature and voltage, hundreds of thousands of use hours can be compressed into thousands of 
test hours. The method used to estimate failure rates from stress data is summarized. 


Dynamic Operating Conditions, Vcc = 5.25 Volts, 150 
0 C, Frequency 
= 2 MHz. 


Long term Failure Rate is minimum 168 hours HTOL at 150 
0 C 
periodically tested to 2000 hours. 


Failure mechanisms common to semiconductor components are accel- 
erated by temperature and voltage. In calculating failure rates, though, 
only temperature acceleration is included. 


3.2 
Long term Failure Rate Summary 


Technology 
No. of Devices Tested 


ST16C450 
5000 


ST16C550 
8000 


ST16C452 
7500 


ST16C552 
5000 


ST16C554 
7000 


ST26C31 
1000 


ST26C32 
1000 


Failure mode 
Defects (PPM) 


Functional 
200 


Leakage 
125 


None 
0 


None 
0 


Functional 
143 


None 
0 


None 
0 


The High Temperature Steady State Life test is used to accelerated ionic contamination problems. Static bias 
is used because a consta"ntvoltage gradient accelerated diffusion of ionic species. The method used to estimate 
failure rates from stress data is summarized. 


Technology 
No. of Devices Tested 
No. of Fails 
Failure mode 
Defects (PPM) 


ST16C450 
3000 
Functional 
333 


ST16C550 
3000 
0 
None 
0 


ST16C452 
4500 
Functional 
222 


ST16C552 
1000 
0 
None 
0 


ST16C554 
1000 
0 
None 
0 


ST26C31 
1000 
0 
None 
0 


ST26C32 
1000 
0 
None 
0 


Startech Semiconductor Reliability qualifies and continuously monitors the packaging reliability to ensure 
exceptional resistance to environmental stress. Package reliability stress testing and failure rates are summa- 
rized. 


The Pressure Cooker Test is a highly accelerated packaging stress test 
used to ensure environmental durability of epoxy packaged parts. 
Passivation cracks, ionic contamination and corrosion susceptibility are 
all accelerated by this stress. 


Any device which fails to meet all data.sheet requirements is classified 
as a failure. 


Technology 
No. of Devices Tested 


ST16C450CP40 
5000 
ST16C450CJ44 
5000 


ST16C550CP40 
5000 
ST16C550CJ44 
5000 


ST16C452CP68 
5000 


ST16C552CP68 
5000 


ST16C554CP68 
5000 


ST26C31CP16 
1000 


ST26C32CP16 
1000 


Failure mode 
Defects (PPM) 


Functional 
200 
None 
0 


None 
0 
Leakage 
200 


Functional 
200 


Functional 
200 


None 
0 


None 
0 


None 
0 


18.6 PSIG, 125 


0 
C, 85% RH, 5.5 Volts bias, minimum test time, 96 
hours. 


HAST is an accelerated biased humidity test that literature, and tests 
run at Startech, has shown provides an acceleration 10-15X over 850 


C/ 85%. This test provides the factory with rapid feedback regarding the 
quality of the epoxy package process. 


A failure is defined as a device which fails to pass the standard data 
sheet test program. 
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~:i 
ffi 
oct:i 
w0::- 
~ 
5.4 
Accelerated 
Stress Summary 
:i 
oct 
~a 
Technology 
No. of Devices Tested 
No. of Fails 
Failure mode 
Defects (PPM) 


ST16C450CP40 
5000 
0 
None 
0 
ST16C450CJ44 
5000 
0 
None 
0 


ST16C550CP40 
5000 
0 
None 
0 
ST16C550CJ44 
5000 
0 
None 
0 


ST16C452CP68 
5000 
0 
None 
0 


ST16C552CP68 
5000 
0 
None 
0 


ST16C554CP68 
5000 
0 
None 
0 


ST26C31CP16 
1000 
0 
None 
0 


ST26C32CP16 
1000 
0 
None 
0 


Differences inthermal expansion coefficients are accentuated by cycling devices through temperature extremes. 
If the materials do not expand and contact equally, large stresses can develop. 


MIL-STD-883C, Method test stress mechanical integrity by exposing a 
device to alternating temperature extremes. Weakness and thermal 
expansion mismatches in die interconnections, die attach, and wire 
bonds are often detected with this acceleration test. 


Any device which fails to meet all data sheet requirements is classified 
as a failure. 


5.6 
Temperature 
Cycle Summary 


Technology 
No. of Devices Tested 
No. of Fails 


ST16C450CP40 
5000 
0 


ST16C450CJ44 
5000 
0 


ST16C550CP40 
5000 
0 


ST16C550CJ44 
5000 
2 


ST16C452CP68 
5000 
0 


ST16C552CP68 
5000 
0 


ST16C554CP68 
5000 
0 


ST26C31CP16 
1000 
0 


ST26C32CP16 
1000 
0 


Failure mode 
Defects (PPM) 


None 
0 
None 
0 


None 
0 
Leakage 
400 
Functional 


None 
0 


None 
0 


None 
0 


None 
0 


None 
0 
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ESD AND 
LATCH-UP 
TEST 


Current Injection = 200mA Trigger, Hot Socket = Vcc 0-7 Volts, Vcc 
Oscillation at Vcc = 3.5-7.0 Volts at 1 MHz, Temperature = 150 0 C. 


The latch-uptest isdesigned to test resistance of the devices to extreme 
voltage and current excursions. Latch-up has historically 
been a 
problem associated with CMOS devices. 


Any device which fails the Latch-up test if Latch-up occurs at less than 
200mA of current. 


All outputs aretested using a hotsocket technique where the full voltage 
is applied instantly, on a voltage ramp, where voltage is increased 
slowly. During the hot socket technique, a maximum of 400 mA was 
allowed in order to protect the outputs from overstress. 


All inputs aretested using both the hot socket technique and the voltage 
ramp technique. 


The ESD test established the sensitive of device to electrostatic 
discharge of the type than can occur during ordinary handling. 


A device fails the ESD stress test is any pin combination defined in 
method 3015 of MIL-STD-883C is damaged after testing with a 2000 
Volts discharge. Data sheet electrical testing is performed to determine 
if a device has been damaged. 


All Startech Semiconductor products are tested for resistance to ESD during qualification. All pins pass ESD 
testing at 2000 Volts. 
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-------- 
ORDERING INFORMATION II 


Prefix 
Device 
Suffix 
- Pin Count 
Option Code 
ST 
XX C XXX 
XX 
XX 
XX 


c10mpanyIDJI 
I 


Part Number ~ 


Temperature 


Temperature Range 
C 
Commercial 
I 
Industrial 
M 
Military 


00 C 
_400 
C 
_550 C 


+700 C 
+850 
C 
+1250 
C 


Package Type 
P 
Plastic Dip 
C 
Ceramic 
D 
Cerdip 
L 
LeadlessChip Carrier (LCC) 
J 
Plastic Leaded Chip Carrier (PLCC) 
F 
Flat Pack(SOIC) 
Q 
Quad Flat Pack 
G 
Pin Grid 
T 
Thin Shrink Small Outline Package (TSSOP) 


PACKAGE MARKING 
INFORMATION 
(EXCEPT CLOCK SYNTHESIZERS 
AND TQFP PACKAGES) 


Prefix 
Device 
Suffix 
ST 
XXCXXX 
XX 


c~mpany ID 
I J 


Part Number ~ 


Operating Temperature Range 


Custom Marking 
XXX 


X 
ex 
XX - XXX 


Revision 
I 
I U 
year 
_ 


Week ------~ 
Custom (Special parts only) 


x 
XX 
9X 
XX 


Revision 
I 
I 
I 
I 
Product type ~ 
Year- 
Week 
. 


________ 
PACKAGE MARKING 
INFORMATION 
_ 
(CLOCK SYNTHESIZERS) 


Prefix 
Device 
ST 
XXCXXX 


dompanYIDJ 


Part Number 


X 
9X 
XX - XX 


~~~ION~~I 
WEEK--- 
OPTION CODES 


Prefix 
Device 
ST 
XXCXXX 


dompanYIDJ 


Part Number 


XX 
X 
9X 
XX 


Ope"";"' 
I I 
TemperatureRange 
Package 
Revision 
....J 
Year 
Week 


_______ 
PACKAGING INFORMATION 1 ill· 


DIMENSIONS 
TOLERANCE 
(Mil) 
A 
0.200±O.010 
AI 
0.015 
A2 
0.130±O.OO5 
o 
0.365 ±O.OO5 
01 
0.300 
E 
0.310%0.010 
EI 
0.2S0±O.OO5 
L 
0.125 ±O.020 
0.100 
0.17%0.02 


DIMENSIONS 
TOLERANrn 
(Mil) 
A 
0.200 ::1:0.010 
Al 
0.015 
A2 
0.130 ::1:0.005 
o 
0.750iO.005 
Dl 
0.600 
E 
0.310 ::1:0.010 
E 1 
0.250 ±O.OO5 
L 
O.I2S±O.020 
e 
0.100 
b 
0.17iO.01 


F\ 
III 
.1 
O.340±O.01O 


···········11····.······ 


F=\ 


It 
iii 


DIMENSIONS 
TOLERANCE 
(Mil) 
A 
0.200:1:0.010 
At 
0.01S 
1\2 
0.130:I:O.OOj; 
o 
0.750%0.005 
D1 
0.700 
E 
0.310:1:0.010 
El 
0.250:1:0.005 
L 
0.125:1:0.020 


O.I~:02 
I 


F=\ 


I. 
III 
0.340 
:1:0.010 


DIMENSIONS 
TOLERANCE 
(Mil) 
A 
0.200:1:0.010 
AI 
O.oIS 
A2 
0.130:1:0.005 
D 
1.02020.005 
Dl 
0.900 


E 
O.310:iD.OlO 
El 
0.250 :I:O.OOS 
L 
0.125:1:0.020 
e 
0.100 


b 
O.17:iD.02 


DIMENSIONS 
TOLERANCE 
<'tiI) 
A 
0.200±O.010 
A1 
O.OIS 
A2 
O.lSO±O.OOS 
D 
1.4S0±O.OOS 
DI 
1.300 
E 
0.610±O.010 
El 
O.SSO±O.OOS 
L 
0.12S ±O.O2O 
0.100 
0.17±O.02 


D 


I- 
Dl 


40· DIP PACKAGE 
H' 


DIMENSIONS 
TOLERANCE 
<'tiI) 
A 
0.200 HI.OIO 
Al 
O.OiS 
A2 
O.l50::!::D.OOS 
D 
2.050 HI.OOS 
Dl 
1.900 
E 
0.610:tO.OlO 
EI 
0.550 :W.005 
L 
0.125:W.020 
0.100 
0.17:tO.02 


~I. 
'I 
0.640 :to.OIO 
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0 
.1 


14 
01 
.1 
W05 
I,,, 


C) 
C) 
I- SOICPACKAOE 
Z 
(5 
~ 
~ r-b 
~ 
r-' 
(.)« 
Q. 


DIMENSIONS 
TOLERANa:; 
(M;Q 
A 
0.061 &0.004 
AI 
0.004-0.010 
A2 
0.054to.OO1 
D 
O.l9hO.OO2 
01 
0.150 
E 
0.236 *0.008 
El 
0.154 to.OO2 
L 
0.010to.02O 
e 
0.0$0 
b 
0.17*0.02 


DIMENSIONS 
TOLERANCE 
(Mil) 
A 
0.061:&0.004 
AI 
0.004-0.010 
A2 
0.054"0.002 
D 
0.340*0.002 
Dl 
0.300 
E 
0136&OJX. 
El 
O.lS4*0.002 
L 
0.020:l0.010 
c 
0.0.50 
b 
0.17*0.02 


DIMENSIONS 
TOI..ER.AN~ 
(MiO 
A 
0.061 ~.004 
Al 
0.004-0.010 
A2 
0.0504~.002 


D 
0.390:k0.OO2 
Dl 
0.3S0 


E 
0.236:k0.OO8 
EI 
0.1So4~.002 
L 
0.020*0.020 
e 
0.050 
b 
0.17 :k0.01 


DIMENSIONS 
TOLERAN~ 
(Mil) 
A 
0.101:k0.010 
Al 
0.006- 0.008 
A2 
0.092 :kO.OOS 
D 
O.s04~.OOS 
D1 
0.o4S0 
E 
0.406"'0.010 


EI 
0.289:k0.OO5 


L 
0.020 "'0.020 


e 
0.050 
b 
0.17,.,0.02 


DIMENSIONS 
TOLERANCE 
<'fil) 
A 
0.101:0.010 
Al 
0.006 - 0.008 
A2 
0.092:0.005 
D 
0.704:0.005 
Dl 
0.650 
E 
0.4D6:0.010 


El 
0.289:0.005 
L 
0.020:0.020 
e 
0.050 
b 
0.17*0.02 


D 


Dl 


1 28 


A2# 


TOLERANCE 
(mil) 
O.17QrO.OOS 


0.020 


0.150±0.001 
0.490"'0.005 
0.45<':*:0.002 
0.490±0.005 
OAS4 %0.002 
0.050%0.002 
0.030:1:0.005 


D 
.1 
III 


Dl 
1'1 


1 44 


A2# 


TOLERANCE 


(mil) 


0.170:0.005 


0.020 


0.150 
=':0.002 
0.690 :iO.OOS 
0.654 
:iO.OO1 
0.690 :0.005 
O.6S4 :1:.0.001 
O.OSO:iO.OO2 
O.030:l:O,OO5 


T 


T 
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o 


01 


168 


T 


DIMENSIONS 
TOLERANCE 


(mil) 
A 
O.17():i:.O.OO~ 
Al 
0.020 
A2 
0.1.50,*,0.002 
D 
0.990 "=0.005 


01 
D.9S4:*:0.002 
E 
0.990 
*O,OO:S 
EI 
O.9S4*0.002 


t 
O.05OtO.OO2 


b 
O.03~.()().s 


DIMENSIONS 
ro~ 
(MiQ 
A 
0.0390*0.004 
AI 
0.004: 0.002 
A2 
0.032320.002 
D 
0.118:*.0.002 
01 
E 
0.1050:i:0.006 
£1 
0.173:1:0.002 


L 
0.020*0.002 


e 
0.02.56 


b 
0.17*0.02 


roLERANCE 
<mm> 
1.20 
0.05-0.10 
1.0ao.5 
9.0:&0.15 
7.0tO.10 
9.00.0.25 
7.0tOJO 
0.6*0.15 
0.' 
0.21+0.05 


DIMENSIONS 


A 
AI 
A2 
D 
Dl 
E 
EI 
L, 


b 


'lOLEIlANa; 
<~) 
1.16:&0,13 
0.23:6:0.07 
1.03 *0,06 
14.1ao.20 
IhO.10 
14.1 *0.10 
10*0.10 
O.lIaO.15 
0.65 
0.30:*.0.08 


DIMENSIONS 
TOLERANCE 
(~) 
A 
3.04±0.30 
Al 
0.30-0.03 
A2 
2.71±0.16 
D 
23.20±O.25 
OJ 
18.85 
E 
17.20±O.25 
E3 
12.35 
L 
0.65-0.95 
0.65 
0.22-0.38 


